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PEBFACE 

It fell to my lot, in the spring of last year, to be 
called upon to deliver one of the coiuses of " Lec- 
tures to Working Men " vhioh have been given by 
the Professors of the Boyal School of Mines and the 
Royal College of Science annually for die last five- 
and-thirty years. The celebn^on of the sixtieth 
year of the Queen's reign had taken place a few 
months previously, and it occurred to me that it 
would be appropriate to the occasion to attempt a 
survey of the progress made in the science and 
practice of chemistry during the preceding sixty 
years. The difficulty of the task lay chiefly in 
makii^ such a selection from the immense range 
of material which at once presented itself to the 
mind, as to give to the audience a tolerably clear 
view of those discoveries which may be r^arded as 
Amdamentally important, without creating confusion 
by the introduction of too much detail 

It is obvious that, in the time at my disposfd in 
six lectures, it was not possible to do more than 
sketch in very broad outline the general features of 
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■n THE PBOGBESS OF 8CIBNTIP1C CHEKlffniY 

each subject, and the extent of progress vhich has 
been made in each direction. I was desirous of 
assisting my audience, most of whom, I believe I 
was justified in assuming, possessed at least an ele- 
mentary knowledge of physical science, by referring 
them to some book by the aid of which they could 
verify and amplify such notes as they had been able 
to take of the lectures. But I could find no single 
book of moderate size which afibrded an historical 
survey of the succession of events which has led up 
to the system of theory in chemistry accepted at the 
present day. 

In the following pages I have endeavoured to 
provide for the student such information aa will 
enable him to understand clearly how the system 
of chemistry as it now is arose out of the previous 
order of things ; and for the general reader, who is 
not a systematic student, but who possesses a slight 
acquaintance with the elementary facts of the sub- 
ject, a surv^ of the progress of chemistry as a 
branch of science during the period covered by the 
lives of those chemists, a few of whom only remun 
among us, who were young when Queen Victoria 
came to the throne. 

If justification in a more strictly chemical sense 
were required for beginning such a story with the 
year 1837 or thereabout, it would be provided by 
recalling the &ct that at this time the influence of 
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Liebig's teaching was beginning to be felt. The new 
ot^lfanic chemistry, and the system of practical in- 
struction in research inaugurated by liebig, were 
attracting indents from every part of Europe. 

A Ifu^e proportion of the progress in discovery, 
which has gone forward with increasing rapidity since 
that time, may be attributed to the spirit they there 
and theb imbibed, and which continued to animate 
so many of them when afterwards they were called 
as teachers to other schools. 

A. retrospect over so long a period as sixty years 
necessarily includes the consideration of the claims 
of many workers to a place among the founders of 
our science. It is not always possible, however, 
to determine exactly how now ideas originated, or to 
as«gn to every contributor to their establishment or 
overthrow his just share of credit. With reference 
to this matter, all I can say is that I have used my 
best juiigment upon the recorded evidence, and I 
have endeavoured in all cases to be completely 
impartial My own recollections cany me back 
over more than half the period referred to, and 
I am therefore in a position to speak with direct 
knowledge of some of the subjects concemii^ 
which, in times to come, uncertainty would be likely 
to arise. 

Finally, I desire to point out that diis does not 
profess to be a text-book giving a complete picture 
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of the state of kaowledge and of theory at the 
moment. Its object, as already stated, is to show 
by what principal roads we have arriTed at the 
present position, in regard to questions of general 
and fimdamentfJ importance. 
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PREFACE TO THE SECOND EDITION 

In preparing this new edition matter has been 
added in order to bring it up to date, but the 
purpose of the book has been in no way altered. 
The idea is to provide for the student a clear 
statement of the successive stops which have led to 
the system of theory generally accepted by chemists 
at the present day. 

The reader will perceive that no finality is sug- 
gested in regard to any part of this system. On the 
contrary, it must be clear that the whole is, and 
must remwQ, in a state of flux, and liable to readjust- 
ment in conformity with the onward flow of dis- 
covery. Even those parts of knowledge which appear 
most consolidated, such as the system of atomic and 
molecular weights, and the development of synthetical 
chemistry, including stereo-chemistry, bristle with 
problems which are Uie subject of almost countless 
researches, and will doubtless be explained aa time 
goes on by more and more comprehensive hypotheses. 
There is no more instructive exercise for the student 
of science, at any stage of his progress, than a thought- 
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fill consideration of the difficulties which confronted 
earUer enquirers, and how they were oTercome. 

Recognising bow desirable it is that students should 
not only know the names of the leaders of scientific 
thought, hut should perceive correctly the connection 
between their discoveries and the general progress of 
their science, I have added to each chapter a series 
of biographical notes. In these I have supplied a 
brief sketch of the life and work of every deceased 
chemist or physicist who has contributed substanti* 
ally to the progress thus fiM* accomplished. To these 
notes has been added information as to authorities 
from which the reader who desires it may obtain all 
the biographical detail which probably now exists. 

Id the case of living chemists I have restricted the 
notes to the statement of the present position of each 
one as set forth in the list of members of the Royal 
or other learned Society. 
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THE PROGRESS OF SCIENTIFIC 
CHEMISTRY 

INTRODUCTION 

When the French revolutionaries in 1792 detemiined 
that the dead past might buiy its dead, that for them 
the world should he^n over again with a new calendar 
and the year 1, a new era was indeed about to com- 
mence, though in a fashion and with results which 
they little dreamed of. Lavoisier's ^ head fell to the 
blade of the guillotine, but there remained actdve 
minds among the chemists in France and England, 
and the time was near at hand when the conse- 
t^uences of theii discoveries would prove to be more 
momentous than even that great convulsion which 
changed so much in France and other countries of 
Europe. Looking back a century, it is easy to see 
the general features of a social state wholly different 
from that which prevails in all civilised countries at 
the present day. And it would be no exaggeration 

I A briof Boooont of the life of L&voiaier and of other obemisU 
msaUoiwd in the text wilt be foimd at ths ead of the chapter, 
together with referencea which may be lued when fnller intonna. 
tiop Is desiied. 
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to say that the greater part of the changes, advan- 
tageous to rich and poor alike, which have accrued 
in the course of this hundred years, arose directly or 
indirectly out of the discoveries in physical science, 
the full tide of which set in with the opening of the 
nineteenth century. Even the progress in biological 
knowledge, and the study of the relations of man to 
his surroundings, may fairly be counted among the 
consequences of the intellectual activity promoted 
and stimulated by the successful physical and chemi- 
cal investigations of this period. Some testimony as 
to the recognition in our own time of the idea that 
the world in relation to science was then passing from 
the old to a new order of things, is to be found in the 
fact that the Royal Society, the oldest of the scientific 
societies in Great Britain, and one of the oldest in the 
world, commences its great Catalogue of SeisTUiJic 
Fapera with the year 1800. Previously to this time, 
the only branch of science, apart from pure mathe- 
matics, which may be said to have made substanUal 
prepress was astronomy ; and even in that case, while 
the mechanism of the heavens was pretty well known, 
observers had yet to wait half a century longer for 
that wonderful instrument the spectroscope, which 
would inform them as to the composition as well as 
the movements of the heavenly bodies. In mechanics, 
again, much was known as to the theory of the 
mechanical powers — the theory of latent heat and its 
application to the steam-engine, the pressure of the 
atmosphere and the use of the barometer— but the 
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properties of gases in relation to temperature, and 
the phenomena of gaseous diffusion, were yet to be 
discovered, and the doctrine of the conservation of 
energy, one of the really great discoveries of our age, 
had yet to be recognised and established. 

Electricity was in its cradle in 1800, and as to 
chemiaby, the composition of air and water, which 
had been established by the discoveries of Priestley, 
Cavendish, and Lavoisier, the general characters of 
acids, bases, salts, and the composition of a few 
minerals, were matters of knowledge so recently 
acquired, that they had hu^ly become familiar 
Nioi^h to be fully realised. The doctrine of " phlo- 
giston" was, of course, by this time defunct. To 
this result many previous observations had contri- 
buted, especially the increase in weight experienced 
by metals in undergoing calcination, and the con- 
ver^on of caustic into mild alkali by the action of 
fixed air (carbon dioxide), clearly established by 
Black. To Lavoisier belongs the credit of having 
recognised the truth concerning the fiinctions of 
oxygen in combustion and as a component of atmo- 
spheric air as well aa of acids, bases, and salts, and 
of having thus transformed the ideas and the 
language of chemistry. 

The object and chief business of scientific chemistry 
has always been to find out what things are made 
of, to study their properties, and to discover the 
relation of composition to properties. But scientific 
chemistry did not begin till the middle of the 
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seventeenth century, and its founder was on Gng- 
lishman, Bobeit Boyle. PreTiously, what was called 
chemistry, or alchemy, was mainly a confused mass 
of observation largely erroneous, and of hypothesis 
mainly groundless. Two objects had been set 
before the inquirer, one the production of gold 
from base metal, the other the production of a medi- 
cine to cure all disease, including old age. Those 
days are now long gone by, and all the substantial 
practical advances and inventions of modem times 
may be said to have arisen out of the adoption of a 
new principle, the pursuit of knowledge for its own 
sake. The cultivation of exact observation of nature, 
the practice of experiment (which is the substitution 
of prearranged for natural conditions), and the use 
of common sense in the construction of theories, these 
are the steps which have led to real progress, to a 
better knowledge by man of his relation to the uni- 
verse in which he is placed, and the adaptation of the 
forces of nature to his needs and desires. 

The study of chemistry leads us at once to a 
classiiication of the materials of which the world, 
with its atmosphere, ocean, and inhabitants, animal 
and vegetable, are composed We recognise, first, 
two great divisions in these materials, viz. simple or 
single 3tu&, and compound. From the former we 
can extract only one sort of substance, and this we 
call an dement. From iron, for example, we can get 
only iron, while iron rust is a compound, because we 
can get from it both iron and oxygen. 
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Observation of this kind, however, to be complete, 
must be not only qufditative but quantitative. We 
must know whether the compound, recognised by a 
certain association of qualities which distinguishes it 
from all other kinds of matter, is invariably composed 
of the same materials united in the same proportion. 
This has been done for us in a very lai^e number of 
cases, and the proposition that a given compound ia 
definite in its nature, and always contains the same 
ingredients combined in the same proportions, is a 
recognised principle which, though many times 
threatened, survives triumphant. To take an example, 
water is a common substance obtunable from many 
natural sources, and exhibiting variations of colour, 
density, and so forth. But these variations are only 
apparent, imd are really due to the presence of other 
things mixed with it. It is most pure as it falls from 
the sky, but even then it brings with it gases from 
the air. When it &Ils upon the ground it meets 
with salts which dissolve, and which, when accumu- 
lated in quantity as in sea- water, give it a taste ; or it 
may dissolve vegetable remains and become green, 
brown, yellow, according to circumstances. Pure 
water can also be formed by the chemist by uniting 
together hydrogen and oxygen gases, as first shown 
by Cavendish in 1783, and in other ways. But 
when separated from eveiything else — not an easy 
matter, but still possible — we know water as a nearly 
colourless' liquid, which crystallises into a solid at 
1 It haa s blue oolonr when Bean in man. 
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0° C. (==32" F.), and boils at 100» C. ( = 212° F.), 
under ordinary atmospheric pressure. It is always 
composed of eight * parts of oxygen to one part of 
hydrogen by we^ht, or one part of oxygen to two 
parts of hydrogen by measure, and this admits of do 
variation whatever. 

It follows &om all this that the idea of the vnde- 
etructihiXity of matter is taken as an axiom. The 
mass of a compound is the sum of the masses of 
the elements which enter into' it, and thoi^h a sub- 
stance may change its form, it is never diminished 
in amount. From a series of chemical transformations 
any ordinary element * may be extracted at any stage, 
possessing the same properties and having the same 
weight as at first. This was probably a hard thing 
to believe and understand before the days when the 
materiaJity of gases' had been established, and 
practical methods for the management and manipu- 
lation of such light and bulky stuff as air had been 
introduced. 

Chemists have been industriously testing all sorts 
of materials : the minerals which form the solid earth, 
the gases of the air, the waters of the ocean, ajid the 
strange, complex, and multitudinous forms of matter 
which make up the bones and muscles, the blood and 
nerves of animals, and the wood, pulp, and juices of 

> The exact ratio is 1588 to 2 or 7 M to 1. 

■ See Chapter X, Radlo-aotlre EleraenU. 

* Out, K word invented b; the klohemut Vau Helmont bom tbe 
Greek xlix = chaos, emptj spaoe. See also Lippmann, "Htltorj of 
the word Oai," Vhtwt. Zeilung, 36, 41 (1911). 
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T^etables; and out of this highly diversified mass 
they have extracted, not an infinite number, hut a 
strictly limited and comparatively snudl number of 
simple things. In 1837, the year &om which our 
story must commence, fifty-four elements were known. 
A question at once arises: If definite compoimd 
substances have a fixed composition, the elements in 
them being always present in the sfune proportion, 
what will he the consequence of bringing together 
two or tJiree elements and making them unite ? Will 
the same elements in the same proportion always 
produce the same compound? The answer is that 
this is not (dways so. The same elements combined 
in exactly the same [miportions may produce two or 
more entirely different substances. For example, 
starch and cotton are both composed of carbon, 
hydrogen, and oxygen in the same proportions 
(C 44-44, H 617, O 49-38 per cent.), and the sugar 6f 
honey or fruit and the lactic acid of sour milk form 
another pair of compounds which conttun the same 
ingredients in the same proportion. But while starch 
forms a jelly with hot water, and is useful as a food, 
cotton is quite insoluble in water, and is indigestible ; 
while grape sugar is crystalline, sweet, and neutral, 
lactic acid is liquid, sour, and strongly acid. Here 
is a phenomenon, then, which must be accoimted for, 
not by the nature of the elements present, hut by 
some other hypothesis. 

The iacts of defimte (»>mbinatioa and of multiple 
combination, where two elements are joined in several 
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proportions to form a aeries of distinct compounds, 
were long ago accounted for by the atomic theory 
of' Didton. According to this doctrine, trhich has 
been the fiintbrnental hypothesis of chemistry for 
nearly a century, chemical combination is due to 
the dose approximation of the separate particles of 
the substances uniting. Oalton has expressed the 
whole idea very clearly in the followii^ passes 
taken from his Chemical Pkiloaophy (1808) : 
"Chemical analysis and synthesis go no fiurther 
than to the separation of particles one from another, 
and to their reunion. No new creation or destruc- 
tion of matter is within the reach of chemical agency. 
We might as well attempt to introduce a new planet 
into the solar system, or to annihilate one already 
in existence, as to create or destroy a particle of 
hydrogen. All the changes we can produce conast 
in separating particles that are in a stat« of cohesion 
01 combination, and joining those that were previously 
at a distance." 

I^ then, two elements combining in the same pro- 
portion may produce two or more distinct compounds, 
this can only be explained, according to the atomic 
theory, by the assumption that the atoms in the 
different compounds are the same in number, but 
differently arranged. But why should atoms com- 
bine together at all ? This has been, and probably 
will always remain, one of the fundamental but 
unsolved problems of chemistry. Two bodies at a 
distance from each otiier ai<e drawn together with 
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a force which is directly as the product of their 
masses, and inversely as the square of the distance 
between them. This is the cause of weight, in which 
the earth as the larger hody seems to draw all things 
to itself, though the action is always mutual. So also 
a magnet attracts iron and some other metals ; a stick 
of glass or resin, which has been rubbed, attracts 
light bodies, such as a feather. In the last case, as 
in the others, the action is reciprocal, the glass attract- 
ing the feather and the feather the glass, and the 
cause of the attraction is said to be the charge of 
electricity which has been developed upon both 
bodies. But after all, every one of these cases' of 
attraction is only a degree less obscure than that 
which we call " chemical affinity," which operates at 
distances so small as to be immeasurably beyond 
recognition by our senses, and even probably by any 
direct means of measurement which we can experi- 
mentally apply. For although we know the law of 
gravitation as already stated, and can make quan- 
titative expressions of the force with which bodies 
are drawn together in the other cases, we can only 
make guesses as to the essential nature of gravitation, 
and of the attraction due to magnetism or to electrical 
induction. In the case of chemical affinity, we not 
only do not yet know why substances unite ti^etber, 
but there is at present no measure of the law as 
to the distance dirough which particles of uniting 
substances may act upon each other. Nevertheless, 
speculation has of course not been wanting, uid 
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among the several hypotheses concerning the nature 
of chemical affinity, none has attracted more atten- 
tion, or shown signs of greater vitality, than the one 
attributing chemical combination to the existence 
upon the atoms of charges of electricity of opposite 
kinds, in virtue of which they unite to fonn more or 
less completely neutral products. This idea was de- 
rived originally from discoveries in connection with 
chemical decomposition by an electric current, — begun 
by Nicholson and Carlisle, when in 1800 they for 
the first time decomposed water into oxygen and 
hydrogen ; continued by Davy, who discovered potas- 
sium and sodium by the same agency ; employed by 
Berzehus as the basis of his celebrated theory ; and 
studied lastly and chiefly by Faraday, who enund- 
ated the quantitative statements which are known as 
Faraday's laws of electrolysis. In the decomposition 
of compounds by the current, the elements range 
themselves under two classes, namely, those which in 
electrolysis go to the atwde^ or positive electrode, 
and those which appear at the cathode or negative 
electrode. The former of these two classes includes 
oxygen, chlorine, bromine, sulphur, and others which 
are called Tiegative elements ; and the latter includes 
hydrogen and the metals which are cfdled positive. 
But while it is true that a strongly positive element 
unites with a strongly n^ativo element to form a 
very stable combination, there are many &cts which 
render very difficult the application of this electro- 

> TheaetennflwerBintrodncMlbjFKmdaT.aDdareincoiiunoDQM. 
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chemical hypotheais to all cases of chemical com- 
bination. 

In 1837 the great Swedish chemist Berzelius was 
still living, and his views about the compoution of 
salts and acids were still predominant. Lavot^er had 
taught that the compounds of oxygen with metals 
formed bases, while the compounds of oxygen with 
non-metals, such as sulphur, were acids. By union 
of a base with an acid a salt was formed. Thus 
sulphate of soda was composed of sods or okide of 
sodium, and sulphuric acid or triozide of sulphur. 
lAter, when it was found that salts may be formed by 
the union of elements like chlorine with metals, the 
name halogen ^ was given to such elements l^ Berze- 
lius, and two classes of salts, called respectively haloid 
and a/mpkid salts, were recognised. But in each class 
the proximate constituents of the salt, that is, the 
sodium and chlorine of conmion salt, and the soda 
and sulphuric acid of sulphate of soda, were, accord- 
ing to the Berzelian classification, respectively electro- 
po«tive and electro-n^;ative, and in the compound 
were united by electric attraction. Faraday before 
this time had definitely declared bis belief in the 
identity of electricity and chemical affinity; and 
Daniel], in his well-known Chemical Philosophy* 
published soon after this time, refers constandy to 
"current affinity" in describii^ the effects of the 
electric current. 
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Such, then, were in general terms the views com- 
monly accepted in inorganic chemistry. Faraday 
having long abandoned the pursuit of pure chemistry, 
the most &mou3 by far among English chemists was 
Thomas Graham, then Professor of Chemistry in 
University College (" The University of London "), to 
whom science ia indebted for his discoveries in con- 
nection with gaseoiis and liquid diffiisioD, and for his 
advanced views on the constitution of such acids as 
phosphoric acid, which are now called polybosic. 

At the beginning of the century Germany had few 
chemists, and none of the first rank. In 1837 Liebig 
was in the height of his fame. But this distinguished 
man, whose work and teaching were destined to have 
so great an influence on the scientific and industrial 
future of his own country, and so powerfully to stimu- 
late the development of scientific chemistry in Eng- 
land, had been compelled in hia own youth to seek 
the instruction he wanted in the laboratory of a 
French chemist. His first investigation was made 
in Paris under the direction of Gay-Lussac, and his 
first paper was published in the Annales de Cliimie 
et de Physique. Liebig did much to point the way 
to the physiologist, the agriculturist, the manu&c- 
turer, in the practical application of chemistry to 
useful purposes; but the great work which he had 
achieved in 1837 was to inaugurate the systematic 
sation of what was then rightly called organic 
chemistry, as distinguished from the chemistry of 
minerals, salts, and inorganic nature in general. 
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Frevioualy to his time the very composition, to say 
nothing of the " constitution " of such substances as 
alcohol, sugar, and the T^etable acids, was almost 
unknown. Various imperfect and difficult metliods 
of analysis of such substances had been used succes- 
sively by Lavoisier, by Oay-Lussac and Th^nard, by 
Berzelius and others i but it was only after an in- 
vestigation extending over seven or eight years that 
Liebig succeeded in devising the process which, in 
principle and with modifications relating only to 
details, is used in every laboratory for the same 
purpose at the present day.* All the compounds in 
question contain carbon, associated with hydrogen, 
oxygen, nitrogen, sulphur or other elements, one or 
more of them ; but the great majority contain ctu-bon, 
hydrogen, and orygen with or without nitrogen. 
When such a compound is burnt in excess of oxygen, 
or in contact with a substance which yields oxygen, 
the carbon is wholTy converted into carbon dioxide, 
the hydrc^en is converted into water, the nitn^en is 
set free. These products are easily collected and 
their weight determined, and inasmuch as the com- 
position of carbon dioxide and water is accurately 
known, the proportion of carbon and hydrogen in 
the substance burnt is easily determined. The exact 
determination of the composition of a latge number 
of compounds of organic origin, such as those already 
mentioned, and a study of some of their transforma- 
tions and of the products obtainable from them by 

' Poggendorffa innaUn, 21, I. 
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oxidatioa and otherwise, led to very important con- 
sequences; for in the end a definite system of 
organic chemistry was established, and this was based 
upon the idea that whereas inorganic compounds are 
formed of elements united together in different pro- 
portions, organic compounds were formed of groups 
of elements which were capable of passing &om one 
combination to another, and of appearing as com- 
ponents of many distinct compounds, as though they 
were simple. And just as in inorganic chemistry 
there are metals and non-metals which stand in anti- 
thesis to each other, so there are organic " radicals," 
as these groups were called, some of which play 
the part of metals, others of elements hke sulphur, 
chlorine, or oxygen. Organic chemistry, then, came 
to be regarded as the chemistry of compound 
" radicals." 

Ideas of this kind, however, rarely receive general 
adoption immediately. It had already been shown 
by Gay-Lussac that cyanogen, a compound of carbon 
and nitrogen, habitually imitated the element chlorine 
in its combinations. But the establishmeot of the 
idea of compound " radicals " and their relation to the 
properties of series of compounds was undoubtedly 
due to the investigation by Liebig and Wohler into 
the compounds of benzoyl [Cj,HgOj], existing in 
bitter-almond oil, in benzoic acid, and in the com- 
pounds immediately derivable from them. The pro- 
pagation of this doctrine was, however, not left to 
the efforts of Liebig and WOhler alone, for by 1837 
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Dumas in France had so fully adopted the idea, that 
in a conuuunication made jointly vith Liebig to the 
Academy of Sciences,' he announced fonnally his 
adhesion to the doctrine. In mineral chemistiy, he 
says, the radicals are simple, in organic chenoistiy the 
radicals are compound : " VoUd, totUe la differemse." 

Dumas himself, senior to Liebig by about three 
yeaxs, had made by this time very important dis- 
coveries. Of these the most striking, whether con- 
^dered in reference to its influence on the progress 
of " organic " chemistry, or its relation to the electro- 
chemical theory of combination, is the discovery of 
the phenomenon of "substitution." The story goes 
that attention was drawn to the action of chlorine 
upon wax, by the annoyance caused at a soiree at 
the Tuileries by the irritating fumes emitted by 
the candles, which burned with a smoky flame. It 
turned out on inquiry that the wax had been 
bleached by chlorine, and the fiimes emitted on 
burning were due to hydrogen chloride. Researches 
undertaken by Dumas led to the discovery in 1834, 
that in contact with many organic compounds 
chlorine is capable of replacing hydrt^n atom by 
atom, so Uiat for every atom of hydrogen removed, 
an atom of chlorine takes its placa It may be easily 
imagined how distasteful such a discovery would be 
to Berzelius and the school of electro-chemists, in- 
volving as it does the idea that a negative element 
may be exchanged for a positive element, without a - 

■ CompUa Sendut, v. 667 (33ld October IttST). 
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fundamental alteration in the chemical character of 
the resulting compound. That such ia the case was 
not admitted without a controversy which extended 
over many years. It has long been known that the 
property displayed by chlorine is possessed by bro- 
mine, and under proper conditions by iodine, and 
even by compound groups, such as the oxide of 
nitrogen derived &om nitric acid. 

Such then was the general condition of knowledge 
relating to chemistry, and to those bnmches of science 
immediately connected with it, which had been estab- 
lished in the former half of the nineteenth century. 
The position of science, however, will be better 
appreciated if it is remembered that at this date 
none of the special societies which exist for the 
cultivation of pure or applied chemistry and physics 
had come into e}d3tence.' The Royal Society of 
London (chartered by Charles II in 1663) and the 
Royal Society of Edinburgh (founded 1783) were the 
only important Societies to which communications 
relating to discoveries in chemistry could be appro- 
priately addressed in this country, and in the PhUo- 
aophicalTTO/nstictionaoftheRoycd Society of Jxmdon 
are to be found the greater part of the discoveries 
made by Davy and Faraday. But after the death 
of Davy in 1829 it seems probable that there was 

■ The Chemical Society of Loadoo was founded 1811 ; Phar- 
nuoeatical Society of Great Britaio, 1841 ; Sooi^t^ Chimiqne de 
Puis, J8SS; the Berlia Cbemioal Society, 1867; Che FbyBtwl 
Society. 1S7* ; Amerioan Cbemicsl Society, I876i the Society of 
Chemical Indostry, 18S1. 
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cooedderable justification for complaint aa to mis- 
managranrait in the Royal Society, such as took shape 
in Babbage's SeJUetiona on the Dedi/ne of Science 
vn Englamd, published in 1830. This, however, vas 
a state of things destined soon to pass away, for not 
only vas Faraday at vork at the Royal Institution, 
but in 1831 the British Association for the Advance- 
ment of Science started upon its prosperous career. 

We may now proceed to trace the course of dis- 
coveij in chemistry, but as this necessarily advanced 
upon several lines, which were in the beginning at 
any rate quite distinct from each other, it will be 
advantageous to follow these separately, taking one 
at a time. 



BIOGRAPHICAL NOTES 

Olaodb Louib BERTaoLLET waa bom at Talloire, Dear 
Annaoy, in Savoy, on nh Deo. 1748. He atudiad mediciDe in 
Turii), and after obtaining his degree he went to Paris, 
HaTing been appointed physician to the Duo d'Orldans, ha 
devoted himself to the study of chemistry. In 1785 be declared 
himself a supporter of Lavoisier's anti-pblogistio doctrines. 
During the revolutionary period Berthollet rendered much 
service in advising on the manufacture of nitre and in the 
production of iron and steel. He socompanied Bnonaparte to 
Egypt, and after his return was nominated a Senator of France, 
and afterwards when Buonaparte became emperor was created 
ape«r. He died on 6th Nov. 1 822. 

BerthoUet's fame rests partly on his application of chlorine 
to the purpose of bleaching, and in this oonneotion the pro- 
duction of "chloride of lime," but more especially on the views 
put forward in his famous Eaai de Slaliqae Chinnque, published 
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The law of definite proportioaa waa finallj eatabliihed in 
oppontkm to the news of Bsrthollet, after a long oontTovetiy, 
in which the facta were chiefly auppUed by the InveHtigationa 
of Proust (a Frenchman, for aome year* profeaoor in Uadrid), 
irho analysed varioiu oxides, sulphides, and oarbanat«s. 

irhotnBou'a Hidory of Chemutry. Vol. ii. 1831.] 

JSnh Jacob Berzbliub was born 20tfa Aug. 1779 at the 
village of Wafersunda, in East Gothland. The son of a acbool- 
master, he studied medicine at the University of Qpaala. In 
1604 he graduated M.D. and oonunenoed practioe in Stock- 
holm, but in 1806 became a professor in the TJnirenity aod 
lectured on medicine and on chemistrf . He early occupied him- 
self with the effects of the Voltaic pile, and in 1803 published, 
jointly with Hisinger, a paper on electmlysia, in the course of 
which he described "ammonium amalgam." He spent much 
time in determiniug the proportion of oxygen present in many 
oxides, and shewed the connection between the quantity of 
oxygen in the base and the amount of acid required to form 
with it a neutral salt. He devoted man; years to the analysis of 
Dompounds for the purpose of determining the atomic weights 
of the elements, and, adopting Dolton's atomic theory, applied 
Hitscherlich's law of isomorphiam to settling the oomposition 
of oxides. Berielius introduced the symbols which since hia 
time have been used to represent atoms, munely, the initial 
letters of the Latin names of the respective elements. Uia 
electro-chemical theory of affinity has been considerably 
modified, but Ueraelius was the first to shew experimentally 
that in organic compounds the elements are united, as in 
inoi^onic oompounda, in definite atomic proportions. In the 
examination of tartaric and racemic acids he discovered iao- 
meriam. Berzehus discovered cerium (1803), selenium (1818), 
and thorium (1828), and isolated silicon, airconium, and tan- 
talum. Ha died at etockholm, 7th Aug. 1848. 

[Obituary by H. Bose, translated into the AiHenean Jom^. 
Sei.. [2J xvi. and Jvii. (1863-64). Obituary, Proc. Royal Soc., 
Tol.S,e72(184»). History of CItemiealTheoiy. A. Wurtz. 1869.] 

JoHBFH Blacr.— Bom at or near Bordeaux, lliB. After 
education at a grammar school, chiefiy at Belfast, lie onttnrod 
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tbs UniTsisitj of GUagow, whara he studied inedicina. Ho 
graduated H.D. at EdiDburf^h in 1754, and aubsequently beoama 
ProfeaaoT of Medicniie at Qlugnw. Black atudied latent heat 
with important remits. Hia moat important chemical work 
conaiated in BxptrimtnU on Mayn«*ia, QiticklirM, and othtr 
AleaUru Subilanca (1777), published after he became Professor 
of ChemiBtTy in the Univeraitjt of Edinburgh. He died lOtb 
Nov. 1799. 

[Hutoiy ofChetaidTy. Thos. Thomson. Vol. i. (1831}.] 

Robert Boyle.— Seventh son and fourteenth child of Richard 
Boyle, first Earl of Cork. Bom at Lismore, 26th Jan. 
1627. Educated at Eton^and on the Continent. Settled at 
Oxford, and there erected a laboratorj. In 1662 piibliahed 
experimental proof of " Bojle'a Law " connecting volume with 
elastiintf and presanre of gaHea. Took a leading part in 
founding the Royal Society. In his book entitled Tht Sc^Hatl 
Chtmid (1680), he gave the death-blow to the alchemistic 
doctrine of the frut prima, and laid the foundation of chemical 
adencs by anpplying the definition of a chemical elemant which 
has been accepted down to the present day. 

Boyle never married. He died in London, 30th Dec. 1691. 

[Didionary of National BiograpKy. Eaaayi in Hitloriail 
Chemidry. Thorpe.] 

Antsony Carlisle, bom 176S, died 1840. SurgeoDj 
knighted ISSO. 

[Dietionary of National Biography.'] 

Hehr; Oave:4dibh, the son of Lord Charles Cavendish and 
grandson of the second Duke of DevoDshire, waa bom at Nice, 
1731. Educated at Peterhouse, Cambridge, he studied mathe- 
matics and experimented in phyaica and chemistry. His 
greatest chemical discoveries were the identification and dis- 
crimination of hydrogen from other kinds of " inflammable 
air," the determination of the composition of water, and the 
establishment of the practically constant proportions of oxygen 
in atmoapheric air. But he was also the first to give a method 
for eatimating the density of the earth, and hia name is 
aaaoiuated with this method, the application of which is known 
aa tbe " Gavendiah Experiment." 
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He died in London on the 4th FeK 1810, iMTing a vety' 
large fortuue. 

[Life of the HonoiirabU Etnry CavendiA. George Wjlson, 
Cavendisli Sooiatj, 1851. Esiayi in Hutorical ChaMtlrtf. 
Thorpe.] ^ , 

John Daltoh, born at the village of Baclesfield, near Cocker- 
mouth, Cumberland, 1766. At fifteen he became aaaUtant in a 
school at Kendal, of which he ultimateljr became Prinoipal. In 
1793heremoTedtoMancheBter, and for six years acted as Tutor 
in Uathematica and Natural Philosophy in the New College. 
Subseqaently he worked ae private tutor, occaiionally lecturing 
in London and other places. Remembered chiaHy as the author 
of the Atomic Theory in its application to Chemical Combina- 
tion, but inade important observations on the constitution of 
mixed gaaea and the expansion of gases by heat. His views 
' are expounded in bis New tJyiiem of Chemuxd Pkilom^y, of which 
the first volume appeared in IB08. He suffered from an ex- 
treme form of oolour-blindnese, of which he gave an account in 
17&4. 

Died at Manchester, 27th July 1844. 

[Life, by W. C. Henry. Cavendish Society, 1854.] 

John Fred£BIck Dahibll, born 12th March 1790, in 
London. His earliest oontcibutions to science related to 
meteorology and crystallography. Id 1830 he described the 
pyrometer which bears his name, and for this he received the 
Rumford medal. He was at this time appointed first Pro- 
fessor of Chemistry in King's College, London, and thereafter 
he devoted himself chiefly to electro-chemistry. Ha devised 
the constant battery known as Daniell's. In 1836 he became 
Foreign Secretary of the Royal Society, and while attending a 
meeting of the Council he died suddenly of apoplexy, I3th 
March 1640. 

[PhU. Mag.. 28, 409 (1846). MtnmTS of the Oum. Hoc., 2. 32» 
(1845).] 

HuupRRY Davt was bom at Peneance, 17th Doc. 1778. 
Educated at Feneanoe Grammar School and at Truro. When 
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tweaty yean of age he became aBsUtant to Dr. BeddoM at the 
Pneumatic Institution, Bristol, where he discovered the aiuea- 
thetic property of nitrons oxide. In 1801 he removed to the 
Royal Institution in London, where he was first appointed 
Assistant Lecturer, and subaequently, in IBOS, Professor of 
Chemistry. Here he isolated potassium and sodium by elec- 
trolysis of the hydroxides, demonstrated the elementary nature 
of chlorine, and invented the miner's safety-lamp. Created a 
baronet 1818, and elected President of the Boyal Society 
1820. 

Died at Geneva, 29th Hay 1829. 

[Lift, by his brotber, John Davy. Two vols., 1836. ZTwm- 
phry Davy, Poet and PhilaajAtT. T. E. Thorpe. 1896.] ■ 

Jban Baptibtk Akdr£ Dvmas was bom at Alais, in France, 
14th July 1800. Apprenticed to a phannacien at Alaie. Id 
1816 he went to Geneva, where he attended the lectures of 
de CandoUe, Pictet, and G. de la Rive. He removed to Paris 
in 1823, and obtained employment b9 Bep^titeur de Chimie to 
Thfinard's lectures at the £cole Polytechnique. Subsequently 
he became Professor at the Athenffium, a semi-popular in- 
stitution. In 1826, in a paper on the Atomic Theory, he described 
his method of taking vapour densities. 8oon afterwards he 
discovered the substitution of hydrogen in organic compounds 
by chlorine. In 1829 he founded the !&x)te Centrals des Arts 
et Manufactures, where he lectured till 18SS. In 183S he 
suooeeded Oay-Lussac as Professor at the Sorhonne, and a 
few years later undertook also the Chair of Chemistry at the 
ficole de Hddedne. 

Dumaa' name is associated with the e«rly phases of the 
theory of typeR, and with speculations on the numerical re- 
lations of the atomic weights. 

In 1869 Dumas delivered in London the first of the Fanday 
Lectures organised by the Chemical Society in memory of 
FaT«day. He was recipient of many other hononra, including 
the Copley Hedal of the Royal Society and the Prussian Order 
pour U Miritt. 

He died at Cannes, 11th April 1884. 

[Obituary in the Jmm. Chmu Soc., 47, 310 (1885). S$»ay» 
in Hutoricai Chemutry. T. £. Thorpe.] 
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HiCHAKi. Fakadai, bom at Newington, Surrey, 22iid Sept. 
1791, waa the son of a blacksmith. After being apprenticed 
to a bookbinder he became laboratory auiitaot to Davy at 
the Royal Institution. In 1813 he travelled as sMretary and 
valet with Sir Humphry and Lady Davy, retaming to the 
Royal Institution in 1S15. In 1616 he began lecturing in the 
City, and in the same year produced hia first paper on a Speci- 
men o[ Natural Caustic Lime. He began lecturing at tbe 
Royal Institution in 1827, and was appointed first Fulleriui 
Professor of Chemistry in 1833. In 1829 he became one of 
the Scientific Advisers to the Admiralty, and in 1636 Sdwitific 
Adviser to the Trinity House. He was the first to make system- 
atio experiments on the liquefaction of gases, nnd discovered 
beneene 1825. Faraday discovered electromagnetic induction, 
and made a large number of other discoveries in oonneotian 
with electricity and magnetism, of which the most important 
to the chemist are the laws of electrolysis. 

From 183& Faraday received a pension from Qovernment, 
and in 1868 the use of a house at Hampton Court, where he 
died, 26th August 186T. He is buried in Highgate Cemeteiy. 

[Life and IjtUen of Michael Faraday. Henry Bence Jones. 
Two vols., 1870. Faraday at a Diacoverer. John Tyndall, 
1868.] 

LoDis Joseph Gat-Ldssac, bom 6th Dec. 177S, at St. 
Uonard, a small town near Limoges. In consequence of the 
Revolution his education was imperfect till,iji 1795, he was sent 
to Paris to prepare for the examinations of the £oole Poty- 
technique, to which he guned admission in December 1797. 
BerthoUet was then Professor, and under his iufluenoo and that 
of Laplace the youth waa guided in his study of the physical 
properties of gases. His first paper on the dilatation of gases 
by heat was published in 1801. In order to test tbe extent of 
the magnetism of the earth he asoeuded alone in a balloon to 
tbe height of 7000 metres. He also brought down samples of 
air from this elevation, which he analysed. In 1808 he pah- 
lisbad the result of his researches on tbe combination of gases 
by volume, and established tbe law which usually bears bis 
name. After the dtsoovery of sodium and potassium by Davy, 
tiay-Lussao, in association with Th^nard, discovered that these 
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oxides ootild be decomposed by iron at a high tetnpentnre ftod 
the metals mora raadily isolated. la ISlfi ha diaoomad 
CTaoogen. In addition to tbeae roacatchea he made a large 
number o[ aatimationa of the aolnbilitf of laltB in water, and 
intiodoced many improvementa in analytioal prooeaaea, notably 
in connection with the wet aatay of aiWer, Hia laat memoir, 
pnUiahed in 1848, waa on Aqna R^pa. Qay-Liuaac held manf 
public offioaa and reoeired many honours, finally becoming in 
1839 a member of the House of Peers. 

Ha died on the 0th Hay 1850. 

[ProcMiingi of lktBog<aSi)ciay, vol T. p. 1013(1850).] 

Tromab Orahau, bora in Glasgow, 21st Dec. 180G. He was 
educated at the High School and UniTersitf , and studied chemis- 
try under Thomas Thomson at Glasgow, and after graduation 
attended the lectures of Hope and Leslie in Bdinburgb. In 
1629 he waa appointed Lecturer at the Heohaaics Institute, 
Olaagow, and the following year became Lecturer in Chemistry 
at Anderson's OoUege. In 1833 be pubUsbed reaearohea on the 
three phosphoric acids,aDd in 1836 was elected F.R^. In 1837 
he was appointed to succeed Turner as Professor of Chemistry 
in the new UniveTsity of London (llDiversity College). First 
President of the Chemical Society, founded 1941. Qnham's 
name is especially associated with the study of gaseous dif- 
fusion, of which be announced the law in 1831, and investi- 
gations concerning the diffusion of liquids. He also discovered 
the phenomena of the absorption of gases by colloids and the 
separation of the constituents o( gaseous mixtures by means 
of colloids and metals. 

Graham died in London on the 16th Sept. 1869. 

[Ltft and Work* of Thomat Grahan, by K. Angus Smith. 
Glasgow, 1864. Obituary, Joum. Chcm, Soc., vol. xziiL p. 293 
(1870).J 

Antoine Laubemt Lavoisier, born in Paris, 26th Aug. 1743. 
Bdnoated at the College Haaarin. He at first studied law, 
but soon took up mathematics and natural science. Having 
studied geolc^ and mineralogy with Onettard, be aooom- 
panied him (1767) in his travels through the eastern parts of 
Fianoe, collMrtiog minerals with a view to the HinMalogkal 
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Atlaa, pabUihed aome tbus lator. In 176S he mat bis fir*t 
paper to the Aoademj of SoienceB. Though heii to & lai^e 
foTttme he joined at this time the Femt gMralt, k oomp«iij 
of finanoieTa to whom the State entnuted the oolleotioii of tba 
indirect taxes. In 1771 he married Harie Anne Pierratta 
Paulse at the age of fourteen jeara. She derated henelt to 
the improTement of har adtioation and heoame a very Taliutbl* 
awislant to her huBband. After Lavoisier'a death ihe married 
Ooont Rnmford (q.v.). 

In 1774, after the diaoovery of oxjgen by Priaatley, lAToisier 
was able to give the true explanation of the prooeu of com- 
btution, and having found oxygen in nearly all aoids ha gara 
to it the name pn'neiJM oxfgiftt, and later aaigine. This anti- 
phlogiatic doctrine was alio applied to the explanation of the 
inoreaee of weight snsttuoed by metals when caloined in the 
air. Lavoisier also showed that the common bases and adds 
oonsiated of oxides, and that by their union they formed 
nlte. 

Many works of publio utility were undertaken by Lavoisier, 
but he had the misfortune to live at the time of the Revolution, 
and having been a member of the " Ferme," was condemned by 
the Convention, and on 9tb Hay 1794 suffered death by the 
guillotine in company with twenty-seven other fermiers 
g&i6taux. 

[Lfuxritier, par Ed. Oiimauz. Paria, 1888. Ettayi u> Hu- 
tarieal Ch«miHry, T. E. Thorpe.] 

Justus vok Liibiq, bom at Darmstadt, ISth Hay 1S03, 
where Ihs father was a colonr manufacturer. He passed through 
an nnsocoeasfnl school career at the local gymnasium, and st 
the age of sixteen was apprenticed to an apothecary. Being 
as little fitted for pharmacy as for classical studiea, his father 
allowed him to proceed to the University of Bonn and sub- 
•equently to Brlangen. The teaching of chemistry in Germany 
being uniatis&ctory he went to Paris, and after some difficult 
obtained admission into Oay-Lussae's laboratory. In 1824 be 
was appointed Profeaaor-eztraordinary at Oieaaen, and two 
years later ordinary Professor. Here he remainwi till galled 
to Munich in 1862. He died on the 18th April 1873. Id 
association with Wuhler he studied the essential oil o( Mttsr 
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abnoDda and iU produotB, the inveatigitioii reanlting in tha 
theory of oompound Tftdic»U. 

Iiiebig iDTented the oombiutioD method of oiganio analy ria 
ftnd discoTsrad a large number of compounds, inolading chkinl, 
cblorofomi, and many cyanogen oompounds, and jointly with 
Wohler many products from luio acid. He alio studied many 
qaeationa ooonected with physiology and agriculture, and 
■bowed the importance of mineral nutters, especially potash 
and pboapbates, aa plant food. 

Idebig** great and most perroaDent service to scienM was in 
tha aataUiahmmt of the school of chemistry at Oiesoan, 
where experimantal research was for the first time made the 
diatinctiTe feature. 

[7^ lA/t Work of LiMg. A. W. Hofmann. Jtnim. Chem. 
Soc, vol. xxTiii, p. 1066 (I87B). Liebig and His It^htmce on the 
Pngrttt of Modmt CJumutry. W. A. Tilden. NtUurt, 24th 
Aug. 1911,] 

William NiOHOLSOir, bom I7&3, died 1815. Editor of the 
Journal of NaturtU PhUo»ophy (17B7-I815). Inventor of 
Micholwm'i Hydrometer. 

\_Dielitmarf of NoUotuU Biafraphy.'] 

JoSKPH Pbihtlky was bom at Fieldhead, near Leeds, I3th 
March 1733. He received a grammar-Bohool education, and at 
the age of twenty-two became pastor of a small Presbyterian 
congregation at Needham Uarket. After a time he adopted Uni- 
tarian doctrines, and became minister at Nantwich and tutor 
in lADguage and Literature at Warrington Academy. In 1767 
he became mioister at Hill Hill Obapel, Leeds, and in 1780 re- 
moved to Birmingham. The opinions expressed in his volu- 
mioouB theological writings brought him unpopularity, which 
culminated in the destruction of his houae, books, and 
apparatus by a mob. He then remored in 1781 to London, 
where he preached at Hackney, but in 1794 he emigrated to 
America and ultimately settled at Northumberland, Pennsyl- 
vania, where he died on 6th Feb. 1804. 

Prieatley'a moot famous discovery of oxygen was made 
lat Aug. 1774. He studied many other gases or varieties of 
air, and isolated ammonia and nitrons oxide. 
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[Dictionary of tfational Bu)gr<y>hy. Hidaty of Clut»Mry. 
Thoiimmwn. Vol. ii., 1831.] 

LouiB Jacques THiNARD (Baron Th^aard} wu born on 
4th May 1777, at Nt^nt-our-Seiiie, in Champagne. The bod 
of a poor fanner who, however, contrived to give him a liberal 
education, he was sent to Paris at the age of aiiteen to atndy 
pharmacy. Here be studied under Vauqnelin at the College 
de Fnnoe, and afterwards obtained an appointment at the 
Ecole Foljtechnique, where in a tew years he became Professor. 
He was associated with Gay-Lusaac in many chemical re- 
Marches. Hia moat important diacorery was peroxide of 
hydrogen. His name is associated with a blue colour mm- 
taining cobalt. 

Th^nard, after the ReTolution of 1830, waa called to the 
House of Peers with the title of Buon. He died 21st June 1857. 

[Obituary, Qaari. Jenim. of the Chtm. Soe., vol. ii. p. 162 
(1869).} 

Fkiedricb WuHler, bom Slat July 1800. He entered the 
Univeraity of Harburg, but afterwords removed to Heidelberg, 
where he worked under the direction of OmeUn, After taking 
hia degree in medicine he proceeded to Btookholm with the 
object of working in Bercelius* laboratory. His earlieat 
investigations were occupied with cyanic add, and in 18S8, not 
' long after his return to Oermany, he announoed his diaoovery 
of the artifidal productioQ of uiea. In 1B86 he was appointed 
to teach chemistry in the New Trade School in Berlin. In 
1827 he isolated aluminium. About this time he became 
acquainted with Iiiebig and conducted many researches jointly 
with him, notably the study of essential oil of almonds referred 
to in the text.' In 1831 Wohler was transferred to the Trade 
School at Gassel, and in 1835 he succeeded Stromej^er as 
Profeasor of Chemistry in the Cniveraity of Qiittingen. Here, 
after a reaearoh on nric acid carried on in association with 
Liebig, he turned chiefly to inorganic chemistry, in which de- 
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partment he made 111M17 diacoTenea. He published S36 papers 
in his own name in addition to manj others in whioh he was 
associated with Bnff, Lialng, Denlle, and other cbemiats. 

He died SSrd Sept. 1882. 

[Obituary, Joum. Chm. Soe., vol iliiL p. 856 (1883).] 
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MATTER AND ENERGY 

It has already been pointed out in the Introduction 
that chemical changes are attended by transmuta- 
tions in the form of matter, but never by any gain or 
loss in its amount. The doctrine of the conservation 
of matter teaches that ponderable things are inde- 
structible, and that the amount of matter in the 
universe, so far as its conditions are yet known, 
is absolutely constant and invariable. Without this 
fundamental postulate no system of chemistry could 
exist, nor indeed could the present order of things 
endure. This was practically acknowle(^ed so soon 
as the minds and the writings of chemists were freed 
&om the influence of the old theory of phlogiston, 
and hence we may say that it was adopted fi*om the 
time when Lavoisier's explanation of combustion was 



A second equally important principle is, however, 
necessary, though its full recognition was delayed for 
another half-century. This is the doctrine which 
affirms the indeatructibUity of energy; but it required 
for its establishment the thought, observation, and 
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experiment of many generations of men. Newton 
had, no doubt, clear views of his own upon the sub- 
ject, and these received expression in his statement 
of the laws of motion ; but the experimental work of 
Rumford and Davy upon the production of heat by 
friction, were required to prove that such a form of 
energy as heat is not matter, as had been previously 
supposed. Measurements of the correlation of heat 
and mechanical work were not mode till forty years 
later, chieBy by Dr. James Frescott Joule, of Man- 
chester. If the determination of the first precise 
quantitative relations be regarded as the best foun- 
dation of exact knowledge, and if, as we now believe, 
this kind of knowledge is essential to the formation 
of correct ideas concerning chemical changes, then 
the name of Joule deserves to be ranked along- 
with those of Boyle, Lavoisier, and Dalton, who 
have successively, at different times, by different 
writers, and for different reasons, been invested 
with the title of Father or Founder of modem 
chemistry. Since the recognition of the fimd^ 
mental idea that all chemical changes involve 
redistribution but no destruction of energy as well 
as of matter, and that the same matter associated 
with different amounts of ene^i;y assumes veiy 
different aspects and properties, the progress of 
chemistry has been more rapid than in any pre- 
vious period. 

It ia, however, time that some explanation should 
be offered as to the modem use of the word energy, 
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and its application in connection with chemistiy as 
well 03 other departments of phjrsical scienca Whoi 
hydrogen combines with oxygen in due proportions 
the sole material product is water ; but another and' 
very significant effect is produced during the act 
of combination, and that is the evolution of heat. 
This heat is communicated to the water formed and 
to the walls of the tube or other vessel in which 
the gases are brought together, and it is thus soon 
dissipated. But the amount of heat thus produced 
can be measured, and this is usually done by obser- 
vation of the rise of temperature in a given quantity 
of water into which the heat is conveyed, or what 
comes to the same thing, the determination of the 
amount of water, the temperature of which is raised 
one degree from zero. That amount of heat which 
will raise the temperature of 1 part by weight of 
water 1 degree is spoken of as 1 calorie or 1 unit 
of heat. The same result can be attained by observ- 
ing other thermal effects, as, for example, by noting 
the amount of ice melted. 

Now when 1 part by weight, say 1 gram* of 
hydrogen, is burned in oxygen, and the water formed 
is collected in the liquid state, the amount of heat 
evolved is sufficient to raise the temperature of about 
34,000 grams of water 1°, or, in other words, 34,000 
calories or units of heat are evolved. This includes ' 
a certain quantity of heat, about 5600 imits, which 

' Throngbout the book weights and mcasores of the metric 
sjitem sod <legT«es of the Centigrsda soale will be used. 
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is given out in the change of the water from the state 
of vapour, in which it is formed, to the state of liquid, 
in which it is collected. The amount of heat pro- 
duced in this way is constant for unit weight of 
either hydrogen or oxygen, and whether combination 
takes place quickly, by exploding a mixture of the 
two gases in a strong vessel, or slowly, by burning one 
of the gases at a jet in an atmosphere of the other, or 
by bringing them together in the presence of spongy 
platinum which makes them combine, the amount of 
heat given out is always 34,000 calories per gram of 
hydrogen. From this we learn that when hydrogen 
combines with oxygen a definite qufmtity of some- 
thing is lost by the elements, and passes out of them 
in the form of heat : this something is called energy. 
The water which has been formed may be made to 
yield up the hydrogen and oxygen which have com- 
bined for its formation, but this can only be brought 
about on condition that that energy is restored to the 
two elementa. This result inay be reached in several 
ways, as by the action of a high temperature, or by 
the use of an electric current, or indirectly by the 
use of chemical agents. 

If a penny is rubbed hard upon a board it becomes 
heated, and it is said that by hammering a piece of 
cold iron a skilful blacksmith can make it even red 
hot. In both such cases a sense of fatigue in the 
arm is soon felt, and there is a consciousness that 
loork has been done. If we substitute for human 
effort the falling of a weight, similar effects can be 
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produced ; but just as fatigue puts Em end to the work 
done by the arm, ao the fall from a highw to a lower 
lerel corresponds to vork performed which cannot be 
repeated with the same mass until it is lifted up to its 
original height. The power of doing work, called in 
physical science energy, is capable of measurement, 
and may take many different forms. For example, 
the arm whose muscular strength may be used to 
heat a mass of metal by hammering or by rubbing, 
may be otherwise employed to turn the handle of a 
machine by which a coil of copper wire is made to 
rotate in the field of a magnet, and thus an electric 
current may be produced in the wira The current 
Bows so long aa the work is being done, and it 
ceases immediately upon the cessation of the motion. 
Further, it is a familiar &ct that when a current 
of electricity flows through an imperfect conductor 
electricity disappears, and the conductor becomes 
heated. An example of this is seen in the com- 
mon incandescent electric lamp, in which a thread 
of iarbon or of metal is heated till it gives out a 
brilliant light. 

Observations of such a kind must, however, be 
su{^Iemented by measurements of the amoimt of 
heat or of electricity produced when a given amount 
of work is done. The problem is to find a suitable 
unit of work, and this is provided by gravitation. 
The question is, first, what amount of work must be 
done in order to produce heat enough to raise the 
temperature of unit mass of water one degree 7 and 
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secondly, supposing the water allowed to cool down 
again, and the heat which paases from it made to 
do work, how much work will be done 7 Answers to 
these questions are supplied by the investigations 
made by Joule, and published in 1843 and following 
years. The results which are considered most trust- 
worthy were obtained by the following process. The 
work done was the descent of a mass of lead from a 
certain measured height to a lower level, and the 
heat corresponding to this was generated by causing 
this weight in its descent to move a paddle working 
in a vessel containing a measured quantity of water, 
and provided with fixed projections within, so as to 
prevent the water from being whirled bodily round. 
The friction thus caused gave rise to heat, and so 
the temperature of the water was raised through a 
certain number of degrees which could be determined 
by delicate thermometers immersed in the water. 
By this means it was found, as the mean result of a 
number of successive concordant experiments, that 
the descent of a weight of 424 grams through a dis- 
tance of 1 metre, or 1 gram tailing 424 ^netres, gene- 
rates heat enough to raise the temperature of 1 gram 
of water I" C. The same facts may be expressed 
in English weights and measures, by saying that the 
fall of 772 lbs. through 1 foot, or of 1 lb. through 
772 feet, gives a rise of 1° Fahr. in 1 lb. of water. 
The numbers, 424 gram-metres or 772 foot-pounds, 
according to the ^stem chosen, represent the 
mechanical equivalent of heat, and are often spoken 
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of as Joule's equivalent, and represented for mathe- 
matical purposes by the letter J.' 

Other methods have been used, both by Joule and 
others since his time, such for example as the 
measurement of the heat generated by the fiicticm 
of two metallic surfaces upon each other under deter- 
mined conditions, and with approximately the same 
result. 

Bearing in mind, then, that a definite quantitative 
relation is now established between mechanical work 
performed and heat generated when the work is all 
expended in friction, and that the same relation can 
be traced whether the work is transformed directly 
into heat, or is first made to generate an electric 
current, which is afterwards converted into heat, it is 
obvious that heat is not a substance but a mechanical 
effect, and, as now universally believed, the effect of 
■ vibratory or other motion in the particles of the 
heated body. We may now return to the question 
involved in the phenomena of chemical combination 
and decomposition. 

t The vatae of the mechanical equivalent gWen in tbe text applieE 
to the gbort isDge ot temperature, which woa, of oonrae, near to 
common air temperatares, employed in the eiperimenta. The 
Bpeoiflo heat of water increases aa the temperature u raised, and 
the value for higher temperatureB would therefore be greater. Pro- 
fessor Osborne Reynolds has made an elaborate series of experi- 
mental in which the work done in raising the temperature of water 
from freezing to boiling point has been d^jtermlned. The mean 
value deduced from these experiments for this range of tempera- 
ture is about TTT, and this corresponds to a value slightly higher 
than Joule's, oamely, 7'3'7 for 1° Fahr.at GO" Tabi.~PMl. Tram., 
18«T, A. 
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It is clear, from what has aJroady been said, that an 
element usually diflfere from a compound not only in 
containing only one form of matter, but in having a 
power of doing work ; that is, a store of energy which 
is more or teas dissipated and lost when the element 
enters into a state of chemical combination.^ The 
process of separating an element or other substance 
frt>m a compound in which it is held by chemical 
affinity is comparable with the operation of raising a 
weight. In each case work has to be expended from 
some source — human, animal, or mechanical power, 
tho falling of water, the pressure of the wind, tho 
risii^ of the tide, the heat of the sun, or the chemi- 
cal process involved in the burning of coal. Hence, 
to revert to the case of water, which is formed 
when hydri^en and oxygen unite together, it must 
now be obvious that, to separate the imited hy- 
drogen and oxygen, work must be done equivalent 
at least to the heat generated in the act of combi- 
nation. 

An element, then, is matter combined with poten- 
tial energy.* This energy by appropriate means 

' Thii u, of coDrae, cot true lu those, not nire, but macb l«sa 
troqusnt casealo which "andothermic" compounda, such ha carbon 
bimlphlds, are fonD«d, the prodaotlon of which is MteDd«d b; 
absorption of hast, and their decomposition tberefora by erolntioo 
of heat. 

■ Lavoiaiei in hia famoai TraiU UimerUaire de ChimU (tTSO) 
iBpraMDted oxjgen gaa as made op o( the matter of oxygen com- 
blDsd with calorie, tha bypothetical canse Ot beat. This view of 
tbe fanotion of " caloric " ii Tery similar to tbe modern doctrine 
of vota^jt bnt wae awaiting goantitative expreasion. 
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may be allowed to run down, either all at once or hy 
stages, as for example in the case of sulphur, the 
bumii^ of which in oiygen may be arranged to 
produce sulphur dioxide, SO^ or sulphur trioxide, 
SO,. An element which has been separated from 
chemical combination with other elements may, 
however, in some cases be compelled to take up an 
additional store of enei^. This change may often 
be accomplished by the application of heat The 
product is spoken of as an " allotropic " modifica- 
tion, or simply as an ailotrope of the element. If 
sulphur, for example, is melted, and the resulting 
hquid raised only a few degrees above the melting 
point of common sulphur, a new substance is formed 
which crystallises in rhombic prisms, having a dif- 
ferent form and a different density from common 
sulphur, the crystals of which are rhombic octa- 
hedrons. Or by heating the liquefied sulphur still 
further, it may be obtained in the form of a plastic 
mass wholly devoid of crystalline structure. But 
both these modifications revert in time to the 
common kind, and the change is attended by evolu- 
tion of heat. Similarly, red phosphorus may be got 
from common white phosphorus by heat, ozone from 
oxygen by electricity, graphite or the diamond from 
common charcoal, by dissolving it at a high tempera- 
ture in melted iron, and allowing it to crystallise 
under pressure when cooling. In all these cases the 
same matter ia concerned, but difierent amounts of 
enei^ are bound up with it, and different amounts 
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of heat are therefore generated when equal quan- 
tities of the various allotropes of any one element 
enter into chemical combinatioa. Thus, 1 gram of 
each of the three chief varieties of carbon burnt com- 
pletely in oxygen give the followtt^ amounts of heat 
expressed in ordinary units : 

Diamond 7770 

Graphite (natural) 7797 

Orapbite (from iron) 7768 

Wood-otuuvoal 80B0 

The possibility of the conversion of one element 
into another, as, for example, the transmutation of 
silver into gold, is a question which even in these 
days, so remote from alchemical times, has not been 
entirely set aside. But although the idea that the 
elements may have had a common origin, or may 
contain common constituents, may be admitted as 
worthy of discussion, evidence of a direct kind for 
either of these propositions is absolutely wanting. 
Such considerations as have been brought into the 
discussion have been derived chiefiy from a com- 
parison of the atomic weights, or from changes 
supposed to have been observed among the " radio- 
active" elements, which will form the subject of 
later chapteis. 

The combination of hydrogen with oxygen is 
attended, as already stated, by the formation of a 
definite amount of water and the evolution of a 
definite amount of heat. The determination of the 
quantity of heat thus disengaged has occupied at 
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different periods many of the most diatinguiahed 
chemists, from the time of lAvoisier onwards. The 
experiments of Lavoisier were made with the tee 
calorimeter, and subsequent determinations, in which 
the heat of union was communicated to water, were 
made by Dulong, by Favre and Silbermann, and by 
Andrewa The examination of other cases of com- 
bination have led to the establishment of the impor- 
tant general principle, that every chemical change, 
whether of combination or decomposition, is accom- 
panied by the evolution of a definite amount of heat, 
which is the same as saying that a definite amount 
of energy , previously existent in the bodies concerned, 
becomes dissipated. This is the first principle of 
that department of science which is called " thermo- 
chemistry." 

One of the first serious workers in this field was 
Fi-ofessor Thomas Andrews of Belfast, and though 
later experimenters have improved upon his methods 
and residts, his name deserves to be remembered as 
a pioneer in this difficult department of ezperimraital 
inquiry. One of the most important series of experi- 
ments carried out by Andrews relates to the heat 
developed during the combination of acids and bases 
in aqueous solution.* From these experiments he 
drew the conclusion that the heat developed during 
the union of acids and bases is determined by the 
base and not by the acid. In this he was mistaken, 

' Tram. R. Ititk AeadoMi, 1641 ; reprinted In tbe volume of bis 
CoUeoiad Seienti^ Paper: 
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for it appeals that the heat produced by the neutrall- 
satioD of an acid by a base is an effect to which both 
contribute, though in proportions which depend upon 
their chemical nature, as will be explained later (Chap. ^ 
VIII). One of his general laws,' which states that ^ 
" an equivalent of the same base combined with dif- 
ferent acids produces nearly the same quantity of 
heat," has been confirmed by later researches, and has 
been explained by a hypothesis, of which an account 
will be given in a later chapter. Andrews also made 
determinations of the heat produced in other chemi- 
cal changes, including the amoimt of heat disengaged 
during the combination of various substances with 
oxygen and with chlorine. 

About the same time thermo-chemical researches 
of con^derable importance were being carried on by 
the Rus^an chemist Hermann Hess. As the result 
of his experiments on the neutralisation of acids 
^uted with different proportions of water, he was led 
to the enunciation of the principle that the sum of 
the several amounts of heat evolved during the sue- 
cesdve stages of a process are the sams in whatever 
order th^ follow one another; in other words, the 
effect is dependent on the relation of the final to the 
initial state of the system, and not upon the inter- 
mediate stages. On neutralising an aqueous solution 
of ammonia with sulphuric acid containii^ one, two, 
three, and »x proportions of water there is a different 

< Britith JiMetaticm Beport/or 1S49, p. 69. 
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development of heat in each case ; but by adding to 
the results found by experiment in the last three 
cases the quantity of heat evolved when the mono- 
hydrated acid combines with one, two, and five pro- 
portions of water, nearly the same value is obtained 
in each casa Andrews thought this principle correct 
but self-evident. It is, however, of such importance 
that its experimental verification was very desirable. 
By the application of this principle it is possible to 
calculate thermal changes which are not capable of 
direct experimental determinaUon. The heat evolved 
by the formation of carbon monoxide, for example, 
cannot be ascertained by burning carbon in oxygen ; 
but by observing the heat evolved in the production 
of carbon dioxide, and then determining the beat 
produced by the combustion of carbon monoxide 
itself, the difference between the two affords the 
number required. One part by weight of carbon 
burnt to carbon dioxide gas gives 7797 units of heat, 
but 2'33 parts of carbon monoxide gas, which con- 
t^ns the same quantity of carbon, gives 5607 unite. 
Nov, if the amount of heat given out when the first 
atom of oxygen unites with the carbon were the same 
as that produced by the second atom, the total amount 
of heat evolved when carbon biums into carbon 
dioxide would be 5607 x 2, or 11,214 units. But the 
actual amount observed is only 7797 units ; the union 
of the first atom of osygen forming carbon monoxide 
is attended by the evolution of 2190 units; the 
difiference, 3417, therefore must represent the heat 
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rendered latent when solid carbon is converted into 
the gaseous oxida 

Nearly all chemical changes are associated in a 
similar way with physical changes, and hence in the 
great majority of cases the interpretation of the 
results is encumbered with serious difficulties. This 
is the case even when all the products remain in the 
s^ne state, gaseous, or liquid, or solid, as the materials 
employed, for there is usually a separation aa well as 
a combination of atoms even in cases which appear 
most simple. The union of hydrogen with oxygen, 
- for example, is not merely 

but 

SH,+0,=°SH,0, 

from which it appears thfUi the oxygen molecule is 
divided in this process into two parts. 

Since the days of Favre and Silbennann, of 
Andrews and of Hess, the problems presented by 
the Uiermal changes which accompany chemical 
changes have been studied in great detail by Pro- 
fessor Julius Thomsen in Copenhagen, and later by 
Professor Berthelot in Paris. 

Thomsen's first memoir appeared in 1853, and 
from that date down to the time when, mor% than 
thirty years later, he completed his great work in 
four volumes, Thermochemiscke UnterBuckv/ngen, the 
author pursued without interruption the systematic in- 
vestigation of which he had laid down the plan so long 
ago. In this work the phenomena of neutralisation 
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are first in-vestigsted, the succeeding volumes being 
devoted to the xletermination of the heats of forma- 
tion of the more important oxides, chlorides, hydrides 
of the non-metals, and then of the metals, the consti- 
tution of aqueous solutions, the heats of combustion 
' of organic compounds, and the thermal phenomena 
attending isomeric change; in fact, a body of data 
is provided which relates to all kinds of chemical 
changes, and ia available for the use of theory in 
every department of the subject. 

Berthelot tells us in thiB preface to his book 
-that it was in 1864 be began to study thermo- 
chemistry. Id 1879 he brought out his treatise 
entitled Easai de Michanique Chwmque foncUe aw 
la Thermochitme. This work embodies the chief 
results of all his researches on the subject which 
had been &om time to time communicated to tJie 
Amujl^ de Cki/mie ef de Physique, where they 
occupy more than two thousand pages. The author 
sets forth in his introduction the three proposi- 
tions which he r^ards as fundamental. The. first 
of these states that the heat disengaged in any 
reaction is a measure of the chemical and physiod 
work accomplished in that reaction. The second 
affirms the dependence of the thermal change upon 
the relation of the final to the initial state of the 
system ; it is in fact the principle established by 
Hess, as already exphuned. The third proposition 
was introduced by Berthelot himself, under the title 
of the " Principle of Maximum Work." This it will 
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be well to state as nearly as poamble in the words of 
the author himself inasmuch as it haa beeo the 
subject of very severe criticism. 

"Every chemical change accomplished without 
the aid of eztemaJ energy tends towards the pro- 
-duction of that body or system of bodies which gives 
out the greatest amount of heat." As a corollary 
from this, he adds that "ovary chemical reaction 
which can be accomplished without Uie assistance 
of preliminiuy work, or of energy external to the 
system of bodies concerned, proceeds necessarily if it 
is attended by evolution of heat." • 

Here is a doctrine at first sight attractive in no 
ordinary degree, and which, if established, would 
appear to account for much that would be otherwise 
obscure. But unfortunately it is expressed in terms 
which are ha too general, and is manifestly in oppo- 
sition to wflU-recognised &icts. In the first place, 
" endothermic " compounds are sometimes formed 
spontaneously, and in most cases of combination 
which is attended by evolution of heat the process 
is retarded and ultimately stopped, unless the heat 
generated by the union of the first portions of sub- 
stance is conducted away out of the system. Am- 

' "Tout changemBntchinilqneBccampli aansI'mterTeiition d'uEie 
4ne^ie ftnuigire tend vers la prodaction dn corps ou da Bfslime 
de corps qui djgage le plas de abaleni." And as a corollarj fTOm 
tbU, " toate r^kctlon cbimiqae susceptible d'Stre aocomplie taa» le 
ooDooun d'nn travail pT^Ilminalre et en debon de riDtarrention 
d'tme ^uergie ^tnngire h oelle dea eoips presenta duia le ByBtime, 
■e prodoit n&:eeMlremeiit, li elle ddgage de )• ahaleur." — Suai, 
roL L, IntrodnoUon, xxii. 
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monia and hydrogen chloride, for example, iinite at 
common temperatures to form solid Bal-ammoniac, 
and in this process heat is evolved. The consequence 
is that until the whole ]s allowed to cool below the 
temperature at which it is known that sal-ammoniac 
is resolved into these two gases, a portion of the 
materials remain separate, notwithstanding that their 
union would be attended by evolution of heat. The 
same kind of thing is true of all reversible reactions, 
that is, all chemical combinations which are pre- 
vented by rise of temperature and promoted by fell 
of temperature. 

- Nevertheless Berthelot's principle, if applied with 
due limitation, does seem to accord with a number 
of &miliar facts. The displacement, for example, of 
iodine by bromine, and of bromine by chlorine, in the 
combinations of these elements with hydrogen and 
the metals, and their apparent order of affinity in such 
compounds, is in accordance with the thermal rela- 
tions of those elements, as shown by the following 
statement of the heat produced by the combination of 
hydrogen with equivalent quantities of each of them : 



PortDulawaightB in gmma. 




Colariet 


H + C1 + 4H,0 


give 


39320 


H + Br+4HjO 




28380 


H+I +4HjO 


„ 


13170 



Similar relations may be noticed among the metals. 
In such a aeries as iron, copper, silver, mercury, ibr 
example, where the apparent affinities for chlorine or 
oxygen are manifested in the order in which they 
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are written, on the one hand by the displacement by 
each one of those which follow it in the list, and on 
the other by the heat of formation of their salts, 
which stands in the same succession. 

The chief object of qiumtitative thermo-chemical 
investigation is, according to Julius Thomson,' the 
eatablishment of dynamical laws relating to chemical 
processes ; but how little progress towards this object 
has been at present accomplished is manifest from 
the brief sketch which alone it is possible to give 
~ in these pages. Nothwithstanding the labours of half 
a century, thermo-chemistry remains for the most 
part a mass of experimental results, which still await 
interpretation. For, apart from the assistance which 
such results afibrd towards the establishment of the 
doctrine of the conservation of energy, it is plain that 
successive attempts at generalisation have been unsuc- 
cessful when considered in a strictly scientific sense. 

One direction, indeed, in which the relation of 
heat to chemical affinity has been studied with 
much advantage, is in the examination of those 
reversible chemical changes which are commonly 
brought about by change of temperatura The term 
disaociation* was introduced by Sainte-Claire Deville, 
in 1857, to designate decompositions of this kind, 
and, though it was but slowly accepted by the 
chemical world, it has now become firmly embedded 
in the language of science. 
' Tli^rm. PtMrtnAmtgm, vol. i. 3. 

* " Ds 1> dbaooUtion ou ddcompositioD spontande des corps aoua 
nndoance de la ohalcar."— (A»^. Send., 45, 8GT. 
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So long ago as 1846 it waa discovered by Grove * 
that water is decomposed into a mixture of oxygen 
and hydrogen by contact with intensely heated 
platinum. The experiment was afterwards repeated 
by Beville, who found that decomposition begins at 
a temperature of 960° to 1000°, but that it proceeds 
to only a limited extent. If, however, any means 
be taken to separate the resulting gases from each 
other, the decomposition may be carried much far- 
ther. Regnanlt found, for example, that steam passed 
over melted silver is decomposed more freely, ap- 
parently because the oxygen is absorbed by the 
melted silver, which gives it off again on solidifying. 
These effects are not due to any chemical action 
on the part of the metal, but are the result of the 
high temperature to which the vapour is exposed. 
Hydrogen and oxygen combine together completely 
at lower temperatures. Results so remarkable as 
these did not attract the attention they deserved 
till some years later, when the systematic study of 
vapour-densities led to the discovery that a large 
number of familiar compounds, commonly reputed 
stable, are decomposible at various temperatures in 
a similar manner. In each case the products of 
dissociation reunite on cooling, producing the original 
compound. Sulphuric acid, for example, converted 
into vapour is no longer sulphuric acid, but a mix- 
ture of vapours of water and sulphur trioxide, which 
on cooling reunite. By conducting the operation in 
' PkU. Tram. BakariaD Lecture for 1846. 
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a Saak with a long neck through vhich air may be 
made to pass, the water vapour, being the lighter 
of the two, diffuses away more rapidly, leaving a 
preponderaot quantity of sulphiu- trioxide behind, 
which, if the process is continued long enough, 
crystallises firom the residue when allowed to cool.' 
In a similar manner it has been shown that sal- 
ammoniac when vaporised yields a mixture of am- 
monia and hydrogen chloride; that phosphoric 
chloride is split up into phosphorous chloride and 
chlorine; that ammonium carbonate is resolved into 
ammonia, water, and carbon dioxide. In all these and 
many other cases the dissociation proceeds gradually 
as the temperature is raised, till it becomes complete 
at a temperature which is peculiar to each case; it 
is promoted by reduction of pressure, and diminished 
by increase of pressure, or what is practically the 
same thing, by heating in an atmosphere consisting 
of one of the products of dissociation. 

Previously to the discovery of these &cts, much 
perplexity had been caused by the observation that 
the vapour-density of substances such as sulphuric 
acid and ammonium chloride was only about one- 
hfdf of what was expected. This was certainly one 
reason for the tardy adoption of Avogadro's principle 
in settling molecular weights. (See Chap. III.) 

A history of the progress of thermo-chemistry, 
though professedly briet would be in some danger 
of conveying an erroneous impression if a pafising 

> Wankljit and BoblDson. Proe. Itoy. Son., 12, EOT (1963). 
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reference were not made to the nature of the work 
undertaken by other chemists and phy^cists vho 
have occupied themselves with the subject. Among 
the rest, we owe to Marignac the determination of 
the specific heats of a number of saline solutions, 
and the thermal phenomena which ensue on diluting 
them (1870-76); to A. Horstmann a careful study 
of the progress of dissociation of a niunber of com- 
pounds, such as hydrogen iodide, ammonium chloride, 
ammonium carbonate (1868-78); to Alexander Nau- 
mann one of the earliest and most instructive syste- 
matic treatises on thermo-chemiatry (GniTtd!»Tas der 
Thermochemie, 1869); and lastly to Professor J. 
Willard Gihbs, the application of the principles of 
thermo-dynaraics ' to many thermo-chemical pro- 
blems. His name is principally associated, in con- 
nection with chemistry, with the introduction of 
the "Phase Ruloi" of which an account is given in 
most modem text-books. 



BIOGRAPHICAL NOTES 

Tbohah Ahdkbwh was bom at Belfut, 19th Dec 1813. 
After earl; education id Belfast, he went to Glasgow, to study 
chemistry under Thomas Thomson. He continued his studies 
in Trinity College, Dublin, and aFtec some time in Dumas' 
laboratory in Paris. Ho graduatod M.D.at Edinburgh in ISSS. 
Returning to Belfast, he at first practised medicine. In 1845 
the Queen's Colleges were founded, and Andrews was appointed 
Vice-President and Professor of Chemistry in the Belfast 
College. These oflices be held till 1879, when he retired. He 
died on the eth Nor. 1686. 
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In addition to the thanno-cfaemioal work mentioned in the 
teat, and bia diaooTeiy of the oontiauity of the gaaeom and 
liquid atatea of matter (Chap. IX), Aodrewa oonduoted, jdntly 
with Profeaaor Tait, of EdiDburgb,a research on ozone, in which 
they proved that oione ia an allotropio and oondeuwd form of 
ozTKeu (Phii. TVoni., 1860). 

[Obitaar;, Proe. Bey. Soc., 41, 11 {1S87). Memoir intro- 
dnctorr to volume of Seuntific Papen, oollectad by Profeeaora 
Tait and Oram Brown. (Hacmitlan, 1SS9.)] 

FnRBE EDofaHE Habcilun Brrthblot was the aon of a 
phydoan, and waa bom in Paris, 26th Oct. 1827. After 
paaaing brilliant); through a classical school career, he studied 
chemistty in the laboratory of Pelouze, and passed the univer- 
aity examinations for B. and L. ka Scienoea. In 18S1 he 
bacame lecture assistant to Balard, the disooverer of bromine, 
Profeaaor in the Colle^je de France. Bertlielot's thesis on the 
synthesia of animal fats procured for him his doctorate. Soon 
afterwards be began his systematic work on the synthesis of 
organic ooinpounds. For some years be held the professor- 
ship of ohemialry at the fioole Sup^rieure da Pharmade, 
but in 1886 be was called to a special chair of organic 
chemistry in the Colltga de France, which he occupied till his 
death. 
^ Bertbelot, in conjunction with P^an de St. Gilles, was one 
of the first to study the interaction of slcobols with acids, 
and showed the establlsbmant of a condition of aquilibriuni. 
Bectbelot began reeaarchea in thermo-chemistry in 1864, and 
the resulta ara embodied in his Mtcaniqat Okimique, published 
in 1879. 

He published a few years later hia work on tha explosion 
wava in fiasaa. In his researches on synthesis he made frC' 
quent use of the silent electric discharge, and in later years 
waa able to show the influence of, electricity on vegetation. 
Ue was the first to point out that atmospheric nitrogen is 
filed in the soil by bacteria. 

Ha died in Paris, 18th Uaroh 1907, and is buried in the 
Pantheon. 

[" Bertbelot He morial 'Lecture," U. B. Dixon. Joum. Chem. 
^:i)r.,9»,2353(l»ll).1 
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Btibnnx Hinri Saimtk-Claire Dbtille wu barn lith 
VMrab 181B >t the Mmad of St. TbonwB, W.I. Educfttod in 
Park, he gndnated u D. ^ Sciences mod H.D. His firat 
appointment took him to the Faonlt; of Besaa^n in 1B46. 
Here he discovered nitric anhydride, Sfi^. In 1651 he waa 
recalled to Paris as Professor in the £!co1e Nonnale, and began 
researches on the platinum metals and od the production of 
aluminium on the 1ar|;e scale by Wiihler's process. His most 
important work was devoted to the study of vapour densities, 
and resulted in the discovery and explanation of the pheno- 
mena of dissociation. 

Kediedlst July 18S1. 

[Po){)^ndorff'B Handieirttrbiiek, vols. ii. and iii. Biography 
by H. Debray. Sevue Scignl^fique de h Fnmet et eU PElrangtr, 
3rd ser., 3, 1 (168S).] 

Pterbb LoDis Ddlono, bom at Bouen, 12th Feb. 1786. 
Died at Paris, I9th July 1838. Sucoeeaively Professor of 
Chemistry at the Faculty of Sciences, at the Normal Sobool, 
and the Veterinary College at AUort, then Professor of 
Physics at the Polytechnic School, Paris. 

[Poggendorff'a HandwGrUrbuch.'i 

PiERRi: Antoikb Favre, born 20th Feb. I8I3, Professor at 
the !^le de Hedecine, and Chef dos Travaux de Chimie analy- 
ttque & I'EcoIe Centrale, Paris. In 18C4 transferred to the 
Chair of Chemistry in the Faculty of Sciences, HarseiUes. 

Died at MarMilles, 17th Feb. ISW. 

[Poggendorff's hamlmSrteTbudi.] 

JoauH WiLi^tiD GiBBS was born at New Haven, Conn., 
nth Feb, 1839, and died 28th April 1903. After graduating 
and spending a few years in New Haven, he came to Bnrope, 
and continued his studies in physics and mathematics in Paris, 
Berlin, and Heidelberg, returning to America in 1866. Id 
July 1871 he was elected Professor of Mathematical Physics in 
Yale. 

[Obituary notice, Proctedingt of the Royal Society, 1904.] 

WiLLiAU Robert Grovk, bom 1811, Barrister, and after- 
wards (1871) Judge of Court of Common Pleas; knighted 
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1871 ; Priry Oonncillor, 1887. He was for •ome time »ttm 
1847 ProfoMor of Bzperimantol PhiloBopb; ftt the Lcmdon 
Institutioii. He invented the Grove nitric aoid battery and 
the gu batter; in 1839, and published Cairelalvm of Phyrietd 
Form in 1846. Ha died 1896. 

[DietiotiaTy of National Biogmphy.] 

Germain Hanttr (Hxruann) Hess, born at Oeaeve, 7th 
Aug. 1603. He was taken by bis pateotB in early ohildhood 
to Rusaia. After travelling in Siberia, he became Professor 
of Chemistry in the University of St. Petersburg. Died 
30th Nov, le.'ia 

[PoggendorfTs HandieSrUrbuch.] 

AuacBT Friedrich HosfiTMAKN, Hon. Professor of Theo- 
retical Chemistry in the University of Heidelberg. 

Jaubs Frrscott Jori:B, born at Salford, S4lh Deo. 1818. 
He studied phyaical science under Dalton at Manoheater. 
He Bucceedad his father as a brewer, but after misfortunes in 
business, received, in 1878, a Civil List pension. He died at 
Sale, nth Oct. 1889, 

[Obituary, Joiirn. Chan. Sec, 67, 449 (1890).] 

Jkah Chablis Gaubsard dx Mabionac was born at 
Geneva,24thAprill817. He stadied in Paria, and after a year's 
travel in the north of Europe, entered Liebig's laboratory at 
Giessen. Here he worked on naphthalene and phthalic aoid, 
his firit and laet essay in organic chemistry. He became Pro- 
fessor of Chemistry in the Academy at Geneva, and Bubse- 
queutly also Professor of Uinerali^y, The Academy developed 
into the University, and Marignac came into occupation of 
a fine laboratory. In 1878 the oondition of his health obliged 
him to retire, and he established for himself a laboratory in 
his own house. He died on 15th April 1894. 

Harignao determined with great accuracy the atomic weights 
of a large number of elements. He devoted many years to 
the investigation of the earths of the cerite group, and dis- 
covered ytterbia. About 1870 Harignao proved the isomor- 
phism of the fluosyniobates with the duo-salts of tin and 
tungaten, and established the formulwof niobic (colnmbio) and 



p:h»Google 



52 THE PROOBESS OF SCIENTIFIC CHEMISTRY 

tontalic pentoxidea. He also Battled the formiils of ulica 
and eirconia aa dioxidea, >nd dinrnvered eilico-tangBtic ftnd 
other complex ooids. Hia work od the apedfic heats of aoln- 
tions ia referred to in the text. 

["MarigOBC Memorial Lecture," P. T. Cleve, Joum. Ch^m. 
Soc, 67, 468(18951.1 , -» 

Alexander Nicolaus Fbanz NAUHANN^Since 1882 Pro- 
fesBor of Chemistry in the University of TuhiM|; eB . gt>jj-i»,j 

Isaac Newton, born at Woolathorpe, 164S, died at Kenuog- 
ton, and waa buried 28th Uatch 1727 in Westminster Abbey. 

The famoQB mathematician and natural philosopher, Lucaaian 
Professor at Cambridge, President of the Royal Society. 
Knif;hted by Queen Anne, 1705. 

l^Dietionary of National Biography,'] 

Henri Tictor Rbgnault was bom at Aix-la-Chapelle 
(Aachen), July 21, ISIO. Owing to the loas of his parents, he 
WBB not able to commence his education till at the age of 
twenty he entered the &ao\e Polytochnique. 

A few yeara later he became joint-Professor of Assaying at 
Lyona. Hie moat important ohemioal reaearches reUted to tbe 
halogen substitution derivativea of ethylene and other relativea 
of the ethyl group, of which he diacovered many, including 
carbon tetrachloride and perch to rinated ether. C(CI|(|U. In 
1840 he returned to Paria, und in 1841 was elected to the 
Chair of Phyaioa at the Collide de France. 

Henceforth he devoted himself to physics. He made a large 
number of accurate determinatiuns of specific heat by the 
method of mixture ; he invented the ait thermometer, and 
carried out a long aeries of esperimenla on the density and 
expansion of mercury, and on the specilic heat and vapour 
tension of watv at vuriuuB tomperaturoB. He also redeter- 
mined tbe ooefiicient of expanaion of air and other gasea, 
and corrected the somewhat crude results obtained in the 
earlier experiments of Daltou and Gray-Luesac. 

In 1B&4 he became director of the porcelain works at Sevres, 
and devoted much time to the improvement of curamic pro- 
cesaea. He died 19th Jan. 1878. 

[Obituary, T. H. Norton. Naturt, Jan. 31, 1878.] 
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BuuAMiN Thoupson, Coiutt Rduford, bom 26th H&rcb 
1763, &t Rumford (now Concord), in New Hampihire, UDited 
States of America. He began lite as a Bchoolmaater at Bradford 
(Mass,). Tbe War of Independence bruaking out, he was made a 
Major of Militia, but owing, apparently, to jealousy on the part 
of his brother officers, he was driven to join the royalist troops, 
and came to England in 1776. Here be rendered himself use- 
ful to the Ministry, and received a commission as Lieutenant' 
Colonel for service in America. Returning again to England, 
he received permission to travel on the Continent. In 17S6 
he entered the service of the Elector of Bavaria, and for his 
public services received the title of Count. In 1799 be re- 
turned to England, and engaged in the foundation of the 
Royal Institution in London, the purpose of which was to 
encourage the application of science to all kinds of useful 
purposes. He was instrumental in engaging Thomas Toung 
and Humphry Davy as tha first professors. Rumford was the 
first to prove the quantitative relation between beat and 
mechanical work. 

Returning to the Continent, he married, in 1S06, Madame 
IdToisiar, widow of the chemist, and purchased a house at 
Auteuil, where he died 2Ut August 1814. 

[MetaotT published in connection with an edition of his works, 
by the American Academy of Arts and Sciences, about 1870. 
By G. E. Ellis.] 

JoHAMN Theobald Silberuanh, bom 1st Dec. 1806. 
Employed at the Conservatoire des Arts et Metiers, Paris, 
and at the Sorbonne. Associated with Favre in tfaermo- 
ohemical researches. Died in Paris, July 1865. 

[PoggendorfPs Handtairrterlmeh.] 

Hanb Petki JOrgkn Jours Thohsen was bom in Copen- 
hagen, 16tfa Feb. 1826. While a very yonng man, Thomsen 
patented a prooess for obtaining alumina and ooda from 
cryolite, and this developed into a manufacture of consider- 
abl« importance in Denmark and some other countries. Bat 
Thomaen will be remembered chiefly for his important thenno- 
obemical work, of which the results are embodied in his 
31t«niUKlttmuek« Unlanuchnn^m. In 1866 he became a teacher, 
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ftnd a year later ProEesBor o[ Ohemiatry in ths Univenity of 
OopenhBgen. He retired in 1901, and died on 13th Fttb. 
1906. 

["ThomMU Memorial Lecture," T. E. Thorpe, Jburn. CKon. 
«oe., 97, 161 (1810).] 
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THE CHEMICAL ELEMENTS: TREIB DISTBIBUTION IN 
NATOHB, AND RECOGNITION BY THE CHEMIOT 

The word "elemeDt," apart from poetical usage, ia 
DOW universally understood to meau a substance 
which, though it may pass through many trans- 
formations, is always recoverable undiminished in 
quantity &om any chemical combination into which 
it may enter, and is not by any known means re- 
solvable into two or more distinct kinds of matter.' 
Sulphur, for example, is regarded as an element, 
notwithstanding the allotropic changes which it 
undergoes under the influence of heat, because from 
sulphur in any of its known forms nothing can be 
abstracted which is not sulphur; in other words, it 
is homogeneous, and consists in its most minute 
parts of one kind of substance. On the other hand, 
water and iron rust are regarded as compounds be- 
cause in proportion as, by suitable means, either of 
them is destroyed two kinds of new matter make 
their appearance, and the united weights of the 
products of " decomposition " are equal to the weight 

> This deGnitiOD, thongb v«lld foi all the otdinu? el«meet8, le- 
qniitM wnne nodifloatioii Id th« casw of Uie isdio-BCtiTe elemeDt* 
(Cb>p. X). 
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of the "compound" body from which they are 
educed. These ideas date &om the time of Robert 
Boyle. In his " Sceptical Chymist" (1680), he 
demonstrated the inconsistencies not only of the 
ancient Aristotelian doctrine of the Four Elements, 
but showed how little of foundation in fiict and 
how much of ima^nation was to be found in the 
alchemical doctrine of the Tria prima current in his 
day.* Boyle not only insisted upon homogeneity 
as a characteristic of a true " element," but refused 
to admit any arguments but such as were based 
upon experiment. 

The materials of which the earth and its in- 
habitants consist are chiefly compound, but they 
are resolvable into a limited number of substances, 
r^arded conventionally as elementary, because 
they have never yet been decompounded. Of these 
several — oxygen, nitrogen, and some other gases — 
are found in the atmosphere in the elemental form. 
The rest occur in proportions which are very un- 
equal; some as oxygen, silicon, carbon, and a few 
metals like aluminium, iron, calciiun, magnesium, 
constituting in their various combinations the stuff 
out of which the greater part of the solid earth is 

' The oamplete title ol Borle's work soSciently eiplalus its ob- 
ject: "Ths Sceptical Cbymiit: or CheiDico-ph;iiaal Donbta &ud 
Faradoies, touching tbe Bzperlments whereby vulgar SfagiriEta 
are wont to endeavoar to evlDoe tbeir Salt, Solphiir, and Hercnrj 
to be the true Prlnoiplea of Things, to which are labjoined divers 
ExperimentE and Notes about the ProdneUdtna* of Chemieal iVin- 
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formed, while others, though Teiy neceaaary to the 
constitution of vegetable or animal tissue, occur in 
much smaller amount, and others again are found 
only locally, or even in such minute quantity as to 
require special methods for their detection. 

The recognition of new elementary substances 
does not noceaaarily imply, as often popularly sup- 
posed, the isolation of the element itself Fluor- 
spar, for example, was known in the middle of the 
eighteenth century to yield an acid analogous to 
muriatic acid (Scheele), but the element fluorine was 
not isolated till Moissan annoimced the results of his 
experiments in 1886. Similarly, alumina was known 
as a distinct earth in 1754 (MarggrafF), but the 
metal was not obtained till 1828 (Wohler). Potash, 
soda, lime, and magnesia were recognised and dis- 
tinguished from one another long before their com- 
pound nature was even suspected, and so in many 
other cases. On the other hand, examples have been 
known of substances which, produced by methods 
calculated to afford the element, hare been supposed 
to be simple, till long afterwards they have been 
found to be compound. This was the case with the 
metalloidal element titanium. A peculiar crysbdline 
coj^r-coloured substance of metallic aspect, some- 
times found in the bottom of blast-furnaces in which 
iron is reduced, was for a long time supposed to be 
metallic, that is elemental, titanium, till it was 
discovered by Wohler to contain not only titanium, 
but carbon and nitrogen. 
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An equally interesting case is that of Tanfulium, 
which had been supposed, on the authority of Berze- 
lius, to be an element resembling chromium, and 
yielding like that substance an acidic triozide. In 
1867, however, it was shown by Roscoe^ that the 
substance supposed by Berzelius to be the metAl was 
either an oxide or a nitride according to the method 
of preparation ; in &ct Tanadlum forms a pentoxide 
TjOg and belongs to the phosphorus &mily of 



In 1837 fifty-four elements were known. In 1913 
we recognise upwards of eighty distinct substances 
believed to be elementary, notwithstanding that a few 
of these have as yet been very imperfectly studied 
From time to time new elements are announced, and 
while some of these " come like shadows " and " so 
depart," there has been a tolerably steady addition of 
a permanently established member of the series on 
an average every three or four years. For these 
additions to our knowledge science is mainly 
indebted on the one hand to the introduction of 
previously unknown methods of experiment, and 
on the other hand to a closer attention to resi- 
dual 'phenomena, previously neglected or imperfectly 
studied. As to the former, we need only refer to 
the application by Humphry Davy, in 1807, of the 
then recently discovered chemical effects of the 
electric current, by which he was led to the isola- 
tion of potassium and sodium; while the use <tf 

> Pki, Tran*., 1868. 
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these metals in their turn afforded the means of 
decomposing compomids of boron, silicon, and alu- 
minium with liberation of those elements. 

In recent times the most fertile method of dis- 
coTery of new elements has been the process called 
Spectrum Analysis. This was introduced as a 
definite method of experimental inquiry by Bmisen 
and Kirchhoff about 1859, and in Bunsen's hands 
led at once to the recc^ition of two previously 
unknown metals of the alkali group, to which he 
gave the names rubidium and ciesiuni. This dis- 
covery was followed by the isolation of thaUium by 
Crookes in 1861, of indium by Reich and Richter 
in 1863, of gallium by De Boisbaudran in 1875, 
and of the oxide of an element called scandium by 
KilsoD in 1879. 

The story of Newton'^ experiments made in 1675 
with the spectrum of the sun's rays is almost too 
familiu- to require repetition. However, it is neces- 
sary to recall these experiments to mind in this 
place, because they not only fonn the basis upon 
which all subsequent discoveries with the prism 
were made, but they show what very important 
results often arise from apparently slight modifica- 
tions in the mode of operating, or in the form of 
apparatus. Kewton gives the following account of 
his procedure : ' " In a very dark chamber, at a 
round hole about one-third part of an inch broad 
made in the shut of a window, I placed a glass 

' Newtou'a OpHekt, Book I. 
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prism, whereby the beam of the sun's hght which 
Cfune in at that hole might be refracted upwards 
towards the opposite wall of the chamber, and there 
form a coloured image of the sun. . . , This image 
was oblong aod not oval, but terminated with two 
rectilinear and parallel sides and two semicircular 
ends. On ita sides it was bounded pretty distinctly, 
but on its ends very confusedly and indistinctly, the 
light there decaying and vanishing by degrees. The 
breadth of this image answered to the sun's dia- 
meter, and was about two inches and the eighth 
part of an inch, including the penumbra. For the 
image was eighteen feet and a half distant from 
the priam; and at this distance that breadth, if 
diminished by the diameter of the hole in the 
window-shut, that is by a quarter of an inch, sub- 
tended an angle at the prism of about half a degree, 
which is the sun's apparent diameter. But the 
length of the image was about ten inches and a 
quarter, and the length of the rectilinear sides about 
eight inches, and the refracting angle of the prism 
whereby so great a length was made was 64°. With 
a less angle the length of the image was leas, the 
breadth remaining the same. . . . Now, the different 
magnitude of the hole in the window-shut and dif- 
ferent thickness of the prism where the rays passed 
through it, and different inclinations of the prism to 
the horizon, made no sensible changes in the length 
of the image. . . . 
" This image or apectrum PT was coloured, beii^ 
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red at ite least refracted eod, T, and violet at its 
most refracted end, P, and yellow, green, and blue in 
the intermediate spaces, which agrees with the first 
proposition, that lights which differ in colour do 
also differ in refrangibihty." 

Newton Airther proved that "whiteness, and all 
grey colours between white and black, may be 
compounded of colours," and that "all homogeneal 
light has its proper colour answering to its degree 
of refrangibility, and that colour cannot be changed 
by reflections or refractions," 

This represents the extent of knowledge regard- 
ing the nature of sunlight which remained for 
upwards of a century. What Newton saw in the 
spectrum upon the wall was a series of images of 
the sun so close together that they overlapped at 
their edges, forming a continuous band, having, as 
he says, parallel sides and circular ends. But the 
several rays which in sunhght are blended so as to 
^ve to the eye the sense of whiteness are separated 
in passing through the prism, so that the images 
overlapping give to the eye the impression of colour, 
those at the least refracted end being pure red, and 
those at the most refracted end being pure violet, 
while the intermediate spaces are filled by imper- 
fectly separated rays of different d^rees of refrangi- 
bility. If, however, a very narrow slit is used for 
the admission of the light, and a lens is interposed 
so as to throw a clear image of the slit upon the 
first face of the prism, which must be placed with 
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its edges parallel to the slit, a new phenomenon 
may be observed when sunlight is used, and that 
is the appearance of fine black lines crossing the 
spectrum. These were first seen by Wollaston in 
1802,' but were studied and mapped in 1811 by a 
German optician at Munich, Fraunhofer, and are 
generally known as Fraunhofer's lines. The physi- 
cal cause of these black lines will be explained a 
little later; they are seen in the spectrum of sun- 
light and of reflected sunlight, such as that which 
reaches us from the moon and the planets, but are 
not seen in the light derived from a heated solid, 
such as the lime in an oxyhydrogen lamp, or the 
carbon of an electric lamp. It has, however, long 
been known that flame may be coloured by putting 
into it various metals, salts, and other vaporisable 
substances, and the light thus obtained, when seen 
through a prism, gives separate bright lines standing 
in the order of their refrangibilities, but separated 
by dark spaces. Some of these were described by 
Sir John Herschel in 1822, and again by Professor 
W. A. Miller in 1846. It was not until 1859, how- 
ever, that the position and colour of the lines seen 
in the spectra of metallic salts vaporised in a flame 
were employed systematically for the recognition of 

■ Wollaston {PhU. Tnmt., 1802) uKd for adiDiBBioD of the light a 
oievloe .f, inch brow]. The beam was leocived b; tbe eye oIom to 
the intorpoaed prism, and four colours only wora pMcelved, nsiiwly, 
rod, jellowish green, blue, and violat. Wollaston Mem* to have 
regarded tbe few dark lines he saw as slmpl; bamtdarUi of these 
i^ioDS of colour. 
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such substancee, and the foundatioD of the spectro- 
scopic method of analyais was hud by Bunsen and 
Eirchhoff. The apparatus employed is in prindple 
very ample. The light to be examined passes 
through a narrow slit, the edges of which are 
parallel with the edges of the prism. To concen- 
trate the light after entering the slit, it passes 
through a tube containing a pair of lenses by which 
the rays ate made parallel before Altering the prism. 
On leaving the prism the spectrum is seen throu^ 
a telescope, which gives a magnified image of it. 
The arrangement commonly adopted is shown in 
the figures which are to be found in nearly all text- 
books of physics. 

Now, when the flame of a Bunsen lamp is placed 
before the slit, and a platinum wire dipped into a 
solution of, say, common. salt, is introduced into the 
flame, a bright yellow light is seen, and looking into 
the tdescope a bright yellow line is seen, and 
nothing else.* If for a sodium compound we sub- 
stitute a salt of potassium, then a red line is seen 
near the less refrangible endj if a hthium com- 
pound, a red line is seen nearer to the yellow than 
the red potassium hne, and also a yellow line, which 
is not &r &om the sodium line, but not coincident 
with it. In like manner other metals give colorar- 
tions to flame, or their compounds give colorations, 
which in the spectroscope are resolved into bright 

' This re&ll J consisti of two yellow liDeo so close together tli&t tbe 
■iiiiple Bpeotroicope is luiiall; Isoompetent to show them Mipuftt«. 
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lines separated usually by dark spaces, each line hav- 
ing an inviuiable position relatively to the others. 

The method of spectrum analysis is distinguished 
by its extraordinary delicat^ from the ordinary 
chemical methods, which are chiefly based upon the 
production of colouis or preciintates in liquids. 
Bunsen and Eirchhoff in their Memoir^ show that, 
for example, in the case of sodium the eye cast 
recognise the presence of one three-millionth of a 
milligramme of the metal Hence the common pro- 
duction of the yellow light in the Bunsen flame, 
when a platinum wire, apparently clean, is held in 
it, or when the air is but slightly agitated, so as to 
raise a little common dust. Sodium, in the form 
chiefly of common salt, is to be found in minute 
quantity distributed in the atmosphere everywhere ; 
it is present in all common water, and in nearly all 
animal and vegetable substances, and the frequent 
appearance of the yellow light, and the correspond- 
ing yellow double line, was a source of much per- 
plexity to the earlier observers, who, finding nothing 
else to account for it, attributed it not unnaturally 
to the presence of water. It was not till 1856 that 
Professor Swan of St. Andrews recognised in sodium 
the cause of the yellow hne. 

Thus far reference has been made only to the 
effect of introducing into a flame substances which 
are capable of being converted into vapour by the 

■ TraiuUtod into several Eagliab jonmalB ; e.g. PhU. Mag., vol. 
20 (1860). «Dd JouTJt. Oftm. Soc., 13, SIC (leei). 
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heat, and so carriod up in that state into the upper 
part of- the flame, where the vapour beoomes incan- 
descent and gives out light In some cases, how- 
ever, the temperature of a common flame is not 
sufficiently high to give this effect. For example, 
many metals are not vaporised by such a source of 
heat, and it is necessary to resort to the much hotter 
electric " arc," or to the electric spark obtained from 
an induction coil, in order to produce vapour from 
them, and cause this vapour to emit light The in- 
duction coil is specially serviceable in su<di cases, for 
sparks may be taken between the poles tipped with 
the meti^ under examination, or may be made to 
pass between one pole and a solution of the sub- 
stance to be tested without any appreciable loss of 
material. It must, however, be remembered Uiat 
the spectra observed under these circumstances are 
not identical with those which would be obtained 
from the same element at the lower temperature 
of a flame: the spectrum afforded by a given ele- 
mentary substance in the arc or spark is in almost 
all cases more complex, that i8,'it exhibits a greater 
number of lines than when a flame is used. The 
spectrum observable when a flame is coloured hy 
the introduction of a salt is, in many cases, made up 
of comparatively broad bands, and these disappear 
when the temperature is raised, being replaced by 
bright nuTOwer lines in different positions, not co- 
incident with those of the bands. These lines usually 
remain unchanged at still more elevated Cempera- 
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turee, but other additional lines frequently make 
their appearance. The spectrum deriTed from the 
flame is, in such cases, usually attributed to the 
glowing vapour of a compound, while the hue 
spectrum obtained by the use of the arc or the 
spark is supposed to be that of the metal present 
These are quite distinct from each other, and at 
present there is no recc^isable relation between 
the spectnmi of a metallic element and that of its 
compounds, such as the oxide or chlorido. 

As to the non-metallic elements, and especially 
the gases hydrogen, oxygen, nitrogen, the Ught 
which they give out at high temperatures is less 
intense than that emitted by metallic vapours ; and 
they are usually observed most conveniently by 
allowing an electric discharge to pass through the 
gas confined in a glass tube, and expanded by 
means of an air-pump till the pressure of the gas 
is reduced to something very small. The dis- 
chai^ under such conditions passes through a much 
longer column of the gss, which becomes incandes- 
oent throughout As with the metals, the character 
of the spectrum varies according to conditions: at 
comparatively low temperatures bands of lig^t or 
closely grouped lines are seen ; at h^er tempera^ 
tures these change in position, ultimately disappear- 
ing as the temperature is nused, and giving place 
to separate fine lines, the relative intensities of 
which, however, change with altered conditions in a 
manmer which is often veiy difficult to explain. It 
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aeams established that the number and positionfi of 
the lines forming a given spectrmn are dependent 
partly upon the compoaition or molecular constitu- 
tion of the substance employed, partly upon the 
quantity or density of its vapour, and partly upon 
the temperature to which it is exposed. 

Thase variations, however, perplexing as they are 
to the inexperienced observer, do not prevent the 
application of the spectroscope to the recognition of 
a great many elements, tmd, as already stated, have 
led to the discovery of several. The presence of 
several elements together does not interfere under 
ordinary circmnstances with the exhibition by each 
of its own special array of lines, and hence complex 
mixtures, of minerals for example, may Be submitted 
to exMnination by the spectroscope, with the cer- 
tunty that those constituents which are capable of 
yielding vapour will be recognisable, notwithstand- 
ing that they are present in only minute quantity. 
Naturally, however, when heat is applied, the more 
volatile constituents will pass off In vapour first, and 
will therefore afford their spectra more readily than 
the less volatile. 

Reference has already been made to the &ct that 
sunlight differs &om the hght emitted by heated 
solid bodies, inasmuch as the band of colour is not 
continuous from end to end, but exhibits a large 
number of fine black Unes crossing it transversely, 
which are known as Fraimhofer's linea Notwith- 
standing that Fraunhofer counted and mapped some 
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hundreds of these lines, he did not give any ex- 
planation of their occurrence, and it was only many 
years later that the solution of the mystery was 
supplied by Kirchboff. When a vapour is heated 
strongly enough it gives out light which consists of 
rays possessing definite refrangibility, and capable of 
exciting the sensaUon of colour in the eye, sa already 
stated; at lower temperatures, however, the vapour 
is capable of stopping the same radiations. Hence, 
if a sufficiently thick layer of such vapour is inter- 
posed in the path of a ray of light &om a source 
which «uppUes a continuous Ef>ectrum, a series of 
black lines would appear in the same position as 
the bright lines which would be seen if the vapour 
itself gave out light and this was viewed through a 
prism. The sun is supposed to be a very hot, solid, 
or fluid body, the light from which, if uninterrupted, 
would afford a continuous spectrum, like that given 
by a heated soUd metal, or by heated lime. But this 
luminescent nucleus is surrounded by an atmosphere 
of vapours less hot, and therefore capable of stop- 
ping certain of the radiations; and so black lines 
appear in the spectrum of the sun's light, and these 
correspond in position to the bright hnes given by 
such metals as iron, coiciuni, sodium, and other 
terrestrial elements when their vapours are heated 
to incandescence. Similar observations have led to 
the belief that a large number of elements are 
common to the earth, and to the sun, and many of 
the stars. 
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With regard to the recognition of elemental bodies, 
hovever, a distinction must be drawn between the 
recognition of wholly unknown and unsuspected new 
substances, and the discovery of methods for isolat- 
ing from known compounds elements the existence 
of which is already well established. As already 
stated, potash and soda were distinguished from 
each other many years before their compound nature 
was demonstrated, and potassium and sodium ob- 
tained in the metallic state ; alumina and silica were 
&miliar long before the elements aluminium and 
silicon were separated from their associated oxygen. 
One of the most interesting cases of this kind is 
afforded by the non-metallic element fluorine. Fluo- 
ride of calcium is widely diffused in nature. It occurs 
in many minerals, and, in small quantity, as a con- 
stituent of the tissues of plants and animals. It is 
well known in the crystalline form as the beautiful 
fluor or Derbyshire spar. The action of sulphuric 
acid upon this substance was studied by Scheele in 
the middle of the eighteenth century, and the acid so 
produced, long employed for etching glass, has been 
recognised since the time of Davy as a compound of 
the same nature as muriatic acid; that is to say, 
as constituted of hydrogen associated with an ele- 
ment having properties similar to those of chlorine. 
Nevertheless the separation of this element, long 
called fluorine, from the compounds in which it is 
known to reside, has only been accomplished after a 
long series of fruitless attempts. Fluorine in the 
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so-called free state is the most energetic chemical 
a^nt koown. It decomposes water in consequence 
of its affinity for hydrogen, and the displaced 
oxygen is partly converted into ozona It combines 
with metals of all kinds, and the heat generated by 
its union with silicon, with sulphur, with iodine, and 
even with carbon is so great as to cause ignition of 
those substances. It is not displaced from its com- 
pounds by the action of any other known element, 
and the statements concerning its liberation irom 
mercuric or silver fluorides by the action of chlorine 
were erroneously based upon imperfect experiments. 
It is obtainable, though with difficulty, by heating 
certain fluorides, notably eerie fluoride, CeF^ and 
plumbic fluoride, PbFj (Brauner), which thus be- 
come reduced to lower fluorides. But the know- 
ledge of this remarkable substance would have 
remained extremely imperfect but for Moissan's ex- 
periments in 1886 on the electrolysis of anhydrous 
hydrogen fluoride. This liquid is not an electro- 
lyte, but on the addition of dry potassium hydrt^en 
fluoride it conducts, and the salt is resolved into fluo- 
riue and potassium. . The latter liberates hydrogen 
which escapes from the surface of the cathode, 
while the former is set free at the anode in the 
form of a pale greenish gaa which possesses all the 
chemical activity of chlorine in an exalted d^ree. 
It is liquefiable at about - 190°, and its boiling point 
under atmospheric pressure is very close to - 187" C. 
It forms at this temperature a pale yellow liquid. 
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which no loi^r ezhibita the energetic chemical 
properties displayed by the gas, for at this low 
temperature it does not even displace iodine from 
iodides, though it retains the pover of seizing the 
hydrogen in benzene or oil of turpentine with in- 
candescence. The powerful affinity of fluorine for 
hydrogen is the last to disappear.' 

We may now turn by way of contrast to the dis- 
covery in the atmosphere of a new gas, or rather a 
mixture of gases, the existence of which there had 
been no reason for suspecting, and the strange 
characters of which could never have been pre- 
dicted from any consideration within the range of 
recognised chemical philosophy. The history of the 
discoveiy of " argon " is one of the most interesting 
and instructive chapters in the records of natural 
science. For some time previously to 1893 Lord 
Bayleigh had been making determinations of the 
densities of the principal gases,* nitrogen among 
the rest, and his attention was early attracted to 
a curious anomaly observed in the case of this 
element. When the gas was made from ammonia 
it was found to be decidedly lighter than when ob- 
tained from air, and as it seemed " certain tJtiat the 
abnormal lightness cannot ba explained by contami- 
nation with hydrograi, or with ammonia, or with 
water," everything seemed to suggest "tiiat the 

' HoDOgraph by H. lioiami. Stchtrcka tur Citaltment du Jhior. 
PariB, 1887. 
■ Prom. Sag. See.. G3, 134. 
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explanation is to be sought in s dissociated state 
of the nitrogen itself." And by Bucceasive ezperi- 
menta it was shown that whether the oxygen of air 
was removed by red-hot copper, by red-hot iron, or 
by cold ferrous hydrate, the superior den^ty of 
atmoapheric tutrogen remained undiminished, while 
the density of nitrogen obtuned by various chemicd 
processes &om nitrous oxide and from nitric oxide 
was the same as that from mnmonia. The mean 
weights of nitrc^n held by a certain globe were as 
follows : 



From oitrio oxide 
From nitrous oxide 
From ammonium nitrite 
From air by hot copper 
B^om ur by hot iron 
From ur by ferrous hydrate 



"J 
2-31031 „ 
2-3100 J J, 
2-31 OSj 



230O11 
2-8890 ll 
22987J 
2-31031 



Hence, after due corrections, one litre of chemical 
nitrogen weighs 1-2505 gram; atmospheric nibt^n 
weighs 1-2572 gram. A review of all these £acbs 
led to the conclusion that the lightDess of chemical 
nitrogen was not to be attributed to the presence 
of any familiar impurity, or to the existence of 
two forms of nitrogen, hut rather that the greater 
density of atmospheric nitT(^^ was due to its 
association with a heavier gas existing in the air 
in small quantity, and hitherto unrecognised. The 
question as to the homogeneousness of the gaseous 
residue left when the oxygen of air, the moisture, 
and the carbon dioxide have all been withdrawn. 
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was long ago considered by Cavendish in his 
" Experiments on Air," published in the Pkiloaopkieal 
Trcmaactiona for 1785. Here he says, " As far as the 
ezperimenta hitherto published extend, we scarcely 
know more of the nature of the phlegisticated * part 
of OUT atmosphere, than that it is not diminished by 
lime-water, caustic alkalis, or nitrous air; that it is 
unfit to support fire or mountain life in animals; 
and that its specific gravity is not much less than 
that of common air ; so that though the nitrous acid, 
by being united to phlogiston,' is converted into air 
possessed of these properties, and, consequently, 
though it was reasonable to suppose that part at 
least of the phlogisticated lur of the atmosphere 
condats of this acid united to phlogiston, yet it 
might &irly be doubted whether the whole is of 
this kind, or whether there are not in reality many 
different substances compounded together by us 
under the name of phlogisticated air. I therefore 
made an experiment to determine whether the whole • 
of a given portion of the phlogisticated air of the 
atmosphere could be reduced to nitrous acid, or 
whether there was not a part of a different nature 
from the rest which would refuse to undergo that 
change." Cavendish then proceeds to describe his 
experiment, itom which he concludes that "if there 
is any part of the phlogisticated air of our atmo- 

■ Pblt^isticotcd air ii the tena, la the language of the tbeorj of 
phlogitton, for nitTogu ; dephlt^isticated atr U oxygen. 
» i*. deprived of oiygen. 
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8[^era vhich differs from the rest, and cannot be 
reduced to nitrous acid, we may s^ely conclude 
that it 13 not more than y^ part of the irhola" 
There the question was left more than a century 
a^. In August 1894 it was answered by the 
annoimcement by Z<ord Rayleigh and Professor 
Ramsay of the discovery of a new constituent of 
the atmosphere, a gas having a density newly 
half as large again as that of nitrogen, and distin- 
guished from all then known gases by absolute 
chemical inertness, being, so &r as at present known, 
incapable of entering into any form of chemical 
combination. The name argon was givffli to this gas 
in allusion to its chemical inactivity. 

Two metliods were employed by the discoverers 
for the removal of the nitrc^en and the isolation 
of the argon. The firat was the method used by 
Cavendish, though with the advantage of modem 
appliances. This consists in adding oxygen to the 
air confined over a solution of caustic potash, and 
then pasung electric sparks through the gaseous 
mixtura The nitrc^n is thus made to unite with 
oxygen, and the resulting oxide of nitrogen is ab- 
sorbed by the potash, and is converted into ni^te 
and nitrate. At the end of the experiment the 
residual oxygen is easily runovable by red-hot 
copper or otherwise. The other process consists in 
first absorbing the oxygen &om the air operated 
on by means of red-hot copper, and then getting 
rid of the nib^en by passing the gas over the 
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sur&ce of magnesium, or better still, a mixture of 
lime and metallic mt^eeium. Either of these 
agents absorbs nitrc^n, forming solid magnesium 
or caldum nitride, leaving the aigon as a colour- 
lees gas. 

The discorery of ai^on among the atmospheric 
gases naturally led to a search for a more produc- 
tive source of the element, and Che attention of 
Professor Ramsay was drawn to the statement that 
certain minerals containii^ uranium evolve under 
the action of dilute sulphuric acid a gas which 
was supposed to be nitrogen. On submitting some 
of the gas thus obtained to the process of spark- 
ing in admixture with oxygen very little contrac- 
tion occurred, ajid it was manifest that the amount 
of nitn^en present was insignificant. On exami- 
nation of the light afforded by the expanded gas 
exposed to the spark discharge, it showed at once a 
feature which gave a clue to the character of the new 
substance. In addition to lines due to hydrogen and 
argon, present in the gas, a brilliant yellow line was 
observed, nearly, but not quite coincident with the 
yellow line D, of sodium. The wave-length of this 
line is 587*49 millionths of a millimetre, and it is 
exactly coincident with the line D, in the solar 
chromosphco^ attributed to the solar element, which 
had been named by Lockyer kelvum. The complete 
speotnun is characterised by five very brilliant lines 
in the red, yellow, blue-green, blue, and violet respec- 
tively. The gas is chemically inert like argon, and, 
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like that element, in molecular constitution it appears 
to be monatomic The difficulty of complete aeparfr- 
tion from argon rendered the original determinations 
of its density somewhat uncertain, but helium is 
undoubtedly, next to hydrogen, the lightest gas 
known, and its specific gravity has been observed 
as somewhat less than 2. Helium has since been 
obtained in a pure state, but its density has not been 
appreciably reduced. 

This remarkable history, however, does not end 
here, for early in June 1898 Professor Ramsay and 
Dr. M. W. Travels commimicated to the Boyal 
Society an account of their examination of liquid 
air, in which they announced the discovery of a 
new constituent, to which they gave the name 
krypton (hidden). Ten days latter, in a fiirther 
paper, they described two other gases, named respec- 
tively neon (new) and metargon,^ among the " Com- 
panions of Argon." The method employed consisted 
in hquefying a large amount — ^nearly 18 litres — 
of " argon," obtained from atmospheric air by 
absorbing the oxygen by red-hot copper, and the 
nitrogen by magnesium. When the temperature 
was allowed to rise, the liquid evaporated away, 
the first portions of gas being collected separately, 
as likely to contain any substance lighter than 
argon. The lightest and most volatile ingredient 
of this mixture, called neon, is a gas whose density 
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18 nearly 10, while argon has a density approaching 
20. A fifth member of this group of inert gases was 
a little later discovered in very small quantity in 
the leaist volatile •portions of the liquid. It was 
called xeiwn (the stranger), and is found to have the 
density 64.^ The gases thus isolated from air agree 
in the common characteristic of chemical inactivity, 
or inability to form compounds. They are believed 
to be monatomic, that is, that, like mercury, vapour, 
their molecules contain one atom only. Their densi- 
ties and molecular weights are as follows : 

».__ a..»k..i Atomic or Holecalu 

une. Symbol. Wehi\>t. 



Nson Ne 20 

ArgoD A 40 

Krypton Kr 82 

Xenon Xe 128 

Small quantities of hydrogen are also &aid to have 
been detected in atmospheric air, so that our atmo- 
sphere is a mixture even more complex than had 
ever been previously suspected. The new gases are 
physiologically as well as chemically inert ; but within 
the last few years the discovery of radio-active matters 
(Chap. X.) in the air lays open Che question whether 
such matters may not contribute to those thera- 
peutic effects for which certain localities have a 
reputation. 

With regard to the distribution of the elements in 
the crust of the earth, one fact which has long been 

> Bamsay and Tisven, Proc. Soy. Soe., 67, 329 (1901). 
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recognised has acquired within the last few yeara a 
new significance. It is familiar to every mineralogist 
that elements belonging to the same or closely con- 
nected chemical funilies are commonly associated 
together in the earth.* Thus a specimen of a lead 
ore which does not contain silver is scarcely to be 
found, and similarly a zinc ore without cadmium, 
one of iron without manganese, nickel without cobalt, 
are almost unknown, while the frequent occurreQcq 
of the halogens in company with one another is 
equally noticeable. The whole question has been 
discussed more than once in connection with specu- 
lations as to the cause of the observed relations 
among the atomic weights which are embodied in 
what is called the periodic law (see Chap. IV). 
But quite recently attention has again been drawn 
to the facts which have become more than ever 
significant since the genetic connection between 
such elements as radium and uranium has been 
established. 

BIOGRAPHICAL NOTES 

Pacl Ehilb Lbco4 db Boibbaudban wtu born, in 1838, 
of a family belongiog to the aDcient Protestant nobilitj of 
Poitou and AnKOunwU. Though engaged in booinew in early 
lif«, be devoted his leisure to the study of chemistry Hid 
phyaics, and the f{reater part of hia scientific work relates to 
spectroscopic observation, which resulted in the recognition of 
severs! metals among the constitueuts of the "rare earths," 

< See the Data of OeaehemitlTy, b j F. W. Clarke. U.S. Geological 
Sarvey, BolletlD 491 (1911). 
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M well M the diwMvsrj of gallinm in bleode. He died Seth 
Hay 1912. 
[ObitoAiT by W. lUmuy. Joum. Cham. 8oc, 103, 742 (1913).] 

BoHusLAv Brauhbr, FrofeMor of Cbemutry, BolMui&n 
Uoiveraity, Prague, Bohemia. 

Robert Wilhilu Bdkseh was bom 31st Haroh 1811, at 
GottiDgen. His father was University Libmriau and Pro- 
fessor of Philology. Bnnsen studied chemiatrf under Stro- 
mejer at Gottingen, and after contiouiiig hia studies in Paris, 
Berlin, and Vienna, he returned to Gottiugea as prival-daxnf. 
ta 1836 he was appointed to succeed Wohler as professor in 
the Trade School at CoMel. Id IS39 he beoame professor in 
the nniTersity oE Uarbuig, where he remained till 18S1. After 
a few months at Breslau, he succeeded to the chair at Heidel- 
berg vacated by Omelin. Bunsen discovered cacodyl and its 
chief derivatives about 1839. Id the invastigation of the 
gases of the blast-furnace, he was led to make important im- 
provements in apparatus and methods, described in his well- 
known (roMmetrucAe Methodea, 1857. In 1841 he constructed 
bis carbon battery, and applied it to the electrolytic isolatioD 
of many metals. In 1844 he invented the greaae-spot photo- 
meter, for many years in general use. 

Beside tt^ discoveries mentioned in the text, Bunsen carried 
out many other reaearchea. His invention of the burner for 
gas is familiar to all the world. 

He died at Heidelberg, 16th August 1899. 

[Bunsen Memorial Lecture. B. E. Koscoe. Joura. Chtm. Soc., 
77, 513 (1900).] 

Joseph Fraohhofeh, Director of the Opti<^ Institute in 
Munich, and Keeper of the Physical Cabinet of the Academy. 
Bom at Straabing, 6th March 1787. Died at Munich, 7th 

June lese. 

[PoggendnS's HandwSrterbwJi.] 

John Fredibick William Hbrschkl, son of Sir William 
Herschel, astronomer. Born 1792, died 1871, and buried in 
Westminster Abbey- 

[Dietwnary ofNalional Biography. "^ 
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OusTAT BOBBRT KiRCHHOFF, bom at Konigsbmg, 12th 
March 1824. From 18S0 to 1654 ProfsHor ExtntonliiMiT at 
Brealun, then PtotaMor ol Phjaioa at Heidelbei^. In 1879 
tnuuferred to profeoaorehip in the UniTerait^ of Berliii. 
Died ITth October 1887. 

[Poggendorff'B Handidirtetbuch.] 

JoBEPH HoBUAM LocKiKB, K.C.B., LL.D., F.R.S., Profeuor 
(retired) oE Aatropbyeios in the Soyal OoUege of Bdence, 
London. 



Aksriab StoiBitUHD BfABGORAfT, pharmaceutieal ehemiel, 
Bud later Krector of the Ghemical laboratory of the Academy 
of Stdences in Berlin. Born Srd Usroh 1709, died Ttb August 
1782, 

[Poggendorff'a Handmdrttrbuch.'] 

William Alles Hilleb, born at Ipawich, 17tfa December 
1817. Educated at thn Quaker School at Aokwortb, he was 
apprenticed to his unde, a sui^eon ; but after completing hia 
Htudiea in the medical department of King's College, London, 
he got employment under Daniell in the chemical laboratory, 
and ultimately succeeded him, in 1845, as Professor of Chem- 
istry. Hiller'a most important scientilic work was done in 
conjnnotion with Dr. (later Bir William) Huggins on the 
spectra of the fixed stars. 

He died on I3th September 1670. 

[Obituary by Charles Tomlmoon. Pro*. Roy. Soe., 19, xix. 
(1871).] 

Henry Moibham was born in Paris, 28th September 18&S. 
After working in the laboratory of Fr^my and attending the 
lectures of Sainte-Claire-Deville and Debray, he worked under 
D^h^rain on some problems in vegetable chemistry. He 
graduated as Docteur ka Sciences in 1880. He then moved to 
the laboratories of the Sorbonne, and occupied himself hence- 
forth on inorganic chemistry. At the time of his death he 
held the Professorship of Inorganic Chemistry in the Faculty 
of Sciences of the Dniversity of Paris. He published a targe 
number of papers, but hia most notable achievement was the 
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isolation of fluorine in 1866. He afterwards discorered the 
oonditiona under which oarbon disaolTed in inolteD iron sepa- 
rates on oooling in the adamantine form. He also applied 
the electric fumaoe to the preparation of manj metals, and 
ccfstallised lime and other refractory oxides. In 1894 he 
obtained calcium carbide. 

He died in Paris, 20th February 1906. 

(Moissan Memorial Lacituni. W. Ramsay. Joum. Ch«m. Soe., 
101, 477 (1912).] 

Lars Fbbdbik Nilson was bom in OsterRothland in 1840. 
In 18S9 he became a student at Upsala under Svanbetg, the 
- BuecBBsor of Berzelius. After taking his doctorate, he became 
chief assistant in the laboratory. From 1878 to 1883 Nilson was 
Professor of Analytical Chemistry in the University of Upsala, 
and thenceforward occupied the Chair of A){ricultnral Chemistry 
at the Royal Academy of Agriculture in Stockbulm. 

He died 14th Hay 1899. 

[Nileon Memorial Lecture. O. Petterssou. Joum, Chgin. 
Soe., 77, 1277 [1900]. 

William Rahbay, K.C.B., F.R8.,&<!., Professor of Chemistry 
(retired 1912), University College, London. 

IjORD RATLEian (John William Strutt, 3rd Baron), O.M., 
F.R.S., Chancellor of the University of Cambridge, Hon, Pro- 
fessor of Natural Philosophy in the Royal Institution. 

Ferdinand Reich.— Born at Beniburg, 19th February 1799. 
Professor of Physics and Thenretiual Chemistry at Freiberg 
(Saxony). 

Died lefiiJ. 

[PoggendorfTs Haiidworterbuch, vols. ii. and iii.] 

HiERoNYMUH Theodore Richter.— Born at Dresden, 2lBt 
Noreinber 1824. Teacher in the Bergacademie at Freiberg. 
Died 1898. 
[Pt^gendorff's HandieOrlerbueh, vols, ii and iv.] 

Hbnrt ENriELD RoBCoit, Kt., P.C., D.C.L., F R.8., &o. 
Professor-Emeritus in the Victoria fjniversity, Manchester. 
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Kabl Wilhelh Scheele. — Born ai Stralannd, 9tli BMember 
1742 At tlie age oF fourteen he ma epprentioed to an apothe- 
cary at Gothenburg, where he read muoh and praotisad experi- 
ment. After taking emplojmeDt at Malmo, at Stookholm, 
and at Upsals, he mode the acquaintance of BergmanA At 
Opaala he made many invagtigationi, resulting in the discovery, 
among other things, of the gaaes long aftenrards named oxy- 
gen and chlorine. In 1775 he was made a member of the 
Swedish Academy. About this time he was appointed to take 
charge of a pharmacy at KGping, where, after a few yesra, 
he was able to relieve tlie bnsineas of an incumbrance uf 
debt, and to build himself a laboratory. His health, however, 
failed, and he died on 2lBt Hay 17S6. Scheele's name must 
ever be remembered us that of one of the most active and 
■uooeesful workers known in the history of chemistry. Beaidua 
oxygen and chlorine, he made independent discoveries of 
ammonia, hydrochloric acid, and hydrocyanic acid. A five per 
cent, solution of the last-named is to this day known in 
pharmacy as Scheele'a acid. He discovered also hydrofluoi-ic, 
lactic, gallic, citric, oxalic, tartiiric, and several other aoids. 
He isolated glycerin and milk sugar. He discovered araenetted 
hydrogen and the green copper arsenite which beara his name, 
besides introducing new methods of making calomel and many 
other compounds used in medicine. 

[Euaya in Hittorical ChmUary. T. E. Thorpe.J 

William Swan, Professor of Natural Philosophy at the 
University of St. Andrews. 

Born 1H18, died 1H94. 

( Votiva T(dielln : a memorial volume of St. Andrews Univer- 
sity, 1011.] 

MORRIH WlLLIAH TRAVERS, D.Sc., 

Indian Institute of Science, Bangalor 

William Htdb Wolla«ton. — Bom at East Dereham, Nor- 
folk, 6th August 1763. The son of a clei^ymnti, who was 
himself an astronomer of some distinction, he took a degree in 
medicine at Cambridge, and for some time practised at Bnry 
St, Edmunds and in London. He gave up pniotice in 1800 
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and deToted himself to Mientific pursuits. WoUMton dis- 
oovered palladium and rhodium in crade pUlinum, and in- 
vented the procBM Cor workiuf; platinum, which was pnoticAlIy 
employed for more than fifty yaan. He invented the reflect- 
ing goniometei and the ciyophorue. He also examined the 
DzaUtes of potash, and thus independently illustrated the law 
of multiple proportions. 

He died SSnd December 1828. 

[DiOumary of NcUvraal Biography.] 
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CHAPTER III 

BEOTIFICATION AND STAND ARDISATION OF 
ATOMIC WEIGHTS 

The necessity for preserving the distinction between 
/act established by observation or experiment, and 
hypothesis which suggests an exphmation of the &cts, 
has nob always been clearly recognised in chemistry. 
We know, for example, that oxygen and hydrogen 
will combine together in certfun proportions, and in 
no othera. This is explained by the assumption that 
atoms of oxygen unite with atoms of hydr(^en to form 
compounds, and that the atoms of oxygen are all of 
equal mass, and are each nearly sixteen times heavier 
than an atom of hydrogen. It is therefore impos- 
sible that there can be compounds made up of com- 
plex proportions of these two elements, unless we 
assume that which is very improbable, namely, that 
the atoms combine in largo numbers and imeven 
proportions, say, for example, thirty of one kind to 
thirty-one of another. Dalton was the first to apply 
the "atomic theory" to chemistry, and his ideas 
respectii^ chemical combination were expressed 
in the following manner : * " When two elements 

' ThonuoD's Sytttm </ CAnnulrp, 3rd edilion, toL lii., 1607. 
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combine to form a third substance, it is to be pre- 
sumed that one atom of one joins to OTie atom of the 
other, unless when some reason can be assigned for 
supposing the contrary. Thus oxygen and hydrogen 
unite together and form water. We are to presume 
that an atom of water is form^ by the combination 
of one atom of oxygen with one atom of hydrogen. 
In like manner one atom of ammonia is formed by 
the combination of one atom of azote with one atom 
of hydrogen.". It is obvious that if such hypothetical 
ideas are superimposed upon the acknowledged hcta 
as to the composition of water, an artificial rule is 
established for estimating the relative atomic weights ; 
and in Dalton's time, and chiefly as the outcome of 
his experiments, the values attributed to the atomic 
weights of the three elements referred to above were 
actually based on this combination of ideas. Dalton, 
however, and all his successors, were obliged to admit 
that this simple hypothesis is not applicable to all 
cases, and is manifestly often opposed to well-estab- 
lished &cts. The composition of water, for example, 
was represented by nearly all chemists during the 
former half of the nineteenth century by the formula 
HO, in which H stands for 1 part by weight of hydro- 
gen, and O for 8 parts by weight of oxygen. The 
change which has resulted in the universal adoption 
of the formula HjO, in which O is approximately 
twice 8. was the result of a protracted contro- 
versy beginning from the time of Dalton himself. 
Qay-Lussac's celebrated "Memoir on the comhina- 
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tion of Gaseous SubstAnces with each other," * was 
published in 1809, and the Essay ^ by Avogadro, 
on " A Manner of determining the relative Masses of 
the Elementary Molecules of Bodies, and the Pro- 
portions in which they enter into these Compounds," 
in 1811. Gay-Lusaae proved by experiment that not 
only does one volume of oxygen combine with two 
volumes of hydrogen in the production of water, but 
that muriatic and carbonic acid gases combine with 
ammonia gas in the ratio of 1 : 1 or 1 : 2. He further 
demonstrated that ammonia is composed of one 
volume of nitrogen combined with three volumes of 
hydrogen, and that carbonic oxide in burning with 
oxygen consumes half its volume of this gas. From 
these and other examples he concluded that, gases 
always combine together in simple proportions by 
volume, and further, that the apparent contraction 
of volume which they experience on combination 
has also a simple relation to the volume of the gases, 
or at least to that of one of them. 

Avogadro, accepting Gay-Lussac's experimental re- 
sults, proceeded in the memoir referred to to discuss 
the explanation of the facts. He was led to the 
hj^thesis now familiar enoughto chemists, though 
so tardily recognised, namely, {the supposition that 
the number of integral molecules in any gases is 
always the same for equal volumes, or always pro- 
portional to the volumes." About three yeata after 

; both are Inelnded Id No. i of the 
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the publication of Avogadro's Essay, the Freoch 
physicist Ampere put forward similar views • regard- 
ing the constitution of gases, and probably it was 
respect for his authority which assisted in the hesi- 
tating acceptance of the principle by chemists 
generally. But although Dumas in 1826* refers 
to the fact that at that time physicista agreed in 
supposing that in elastic fluids under the same 
conditions equal volumes contain the same number 
of molecules, it was not till nearly forty years later 
that this principle was generally employed as the 
basis of s method of estimating molecular weight. 
This reform was the result which followed, though 
not even then immediately, the representations made 
in 1858 and again in 1860 by the Italian professor 
Cannizzaro. 

The nature of the problem will be shown most 
clearly if we consider closely a single example, that 
of oxygen. Nearly eight parts of oxygen unite with 
one part of hydrogen to form water, but the question 
is, whether in the smallest existing particle, that is 
the molecule, of water there is but one atom of 
oxygen with one atom of hydrogen, as Dalton 
supposed, or whether water may not contain more 
than one atom of either or both these elements; 
and whether, taking the atomic weight of hydro- 
gen as the unit, that of oxygen should be 8 or 

> Jnn. Ohim. Phft., 90, 43 (ISU). 

* Jbid., 33, 337 (18SS). Tbii H tho memoir in whiob Dumas de- 
icribes hiB methud of takiiiK vkpoar-deniiltie>>. 
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some multiple of 8. The question began to be 
seriously discussed when, in 1843, Gerhardt* pointed 
out that the combining proportions or equivalents 
accepted for organic compounds did not agree 
with those assigned to mineral substances, and in 
order that they might correspond with HjO, COj, 
and NHy the formula he gave to water, carbon 
dioxide, and ammonia respectively, they required to 
be reduced to one half; and at the end of a series 
of papers on the subject he concluded that "the 
densities of gases are proportion^ to their equiva- 
lents." His S3^tem of formulte was based on the 
adoption of the sjTnbob H^O for water and making 
other formulae conform to this. If it be true, as 
Avogadro taught, that "equal volumes of different 
gases at the same temperature and pressure contain 
the same number of molecules," then these quanti- 
ties of all substances which fill the same volume in 
the state of gas must be taken as molecular propor- 
tions under the same conditions. 

Previously to this time there had been no rule 
commonly recognised and applied to this purpose. 
Thus, if the symbol H stand for one volume of 
hydrogen gas, HO (0=8) represents also one volume 
of water vapour, and HCl represents two volumes of 
hydrogen chloride gas. Or if HO stand for two 
volumes, then H must also stand for two volumes, 
and HCl for four volumes. Gerhardt proposed to 
take water as the standard of comparison ; that is, 
> Ann. CAim. Phy:, 7, 129, and S, 236. 
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as the unit of molecular ma^itude. He repre- 
sented the molecule of water by the formula H,0 
(H = l and 0=16), reviving the relative value of 
the atomic weight attributed to oxygen by Berzelius, 
though now reduced to the scale in which H is 
taken as 1, instead of as 100. Accordingly the 
formu)s> B[,0, HCl, NH,, COj represent equal volumes 
of the several compounds in the gaseous state, and 
under the same conditions of temperature and pres- 
sure. And it is necessary to observe that these for- 
mulee do not only agree in regard to the hypothetical, 
phy^cal constitution of the gases which they 'repre- 
sent (that is, they comply with the hj^thesia of 
Avogadro), but they actually represent the chemically 
reactive units or molecules of these substances. But 
these formuhe imply that the atomic weights of 
oxygen and carbon must be assumed to be double 
of those commonly adopted by chemistry at the 
time, and require a corresponding change in the 
formuhe of all the oxides, acids, bases, and other 
compounds in which these elements exist. Great 
support for these views was deiived from the suc- 
cessive discoveries of the constitution of ether by 
Williamson (1850), and of many acid anhydrides 
by Gerhardt himself.* For so long as ether was 
r^farded as the oxide of ethyl, C^HjO, while alcohol 
represented a compound of this oxide with water, 
namely, as hydrated oxide of ethyl, C^HjO-J-HO 
(0=6, 0=8), the relation was not perceptible. 

' See further un, Chap. V, 
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But when Williamson showed that the conversion 
of alcohol Into ether is accomplished, not by the 
simple withdrawal of water from alcohol, but as a 
consequence of the exchange of an atom of hydrogen 
in alcohol for another ethyl group, CJi^, the result- 
ing compound forming a volume of vapour equal to 
the standard volume, namely, to the volume occu- 
pied by a molecular proportion of water, H,0, a 
new view of the constitution of alcohol followed 
as a necesaary consequence. The following com- 
parison will show clearly the nature of the clumge 
involved : 



MHwdini 



It was, however, long before such views as t^ese 
received the general assent of the chemical world, 
and it required the support of evidence drawn 
from various apparently distinct lines of inquiry, to 
establish firmly the new doctrine. In order to ascer- 
tain the volume of vapour which corresponds to a 
given formula, it is only necessary to determine the 
specific gravity of the vapour, thai is, the weight of 
one unit volume, hydrogen or tur being usually taken 
as the standard. But though text-books of this period 
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usually give an account of the methods of Dumas and 
Gay-Lussac for such experimental determinations, 
the results were usually treated as isolated physical 
focts, or were applied to the correction of empirical 
formulte, and never to their reduction to a common 
standard. 

In 1834 Dumaa discovered the remarkable &ct 
that chlorine is capable of replacing an equal volume 
of hydrogen in many organic compounds, the pro- 
cess being afterwards known as substitution, or, 
as Dumas called it, Tnetalepay. Acetic acid, for 
example, is a monobasic acid, for it affords with 
each metal, as a rule, only one salt, in the formation 
of which one equivalent of the acid was known to 
interact with one equivalent of such a base as potash. 
But three-fourtha of the hydrogen of acetic acid is 
exchangeable in three auocesaive st^es for equivalent 
quantities of chlorine, giving rise to mono-, di-, and 
trichloracetic acids, thus : 

Aoeticacid. . . C,HjO,HO (0=6,0=8) 

Honocblorocetic acid . CtHfilO^UO 

Dicblorawtic add . . U^HCl^^O 

Trichlonoetio acid . . G,Gl30,H0 

These chlorinated acids are monobasic, and bear a 
strong resemblance to acetic acid, from which they 
are derived.* 

Dumas also pointed out,* in reply to criticisms 
from Berzelius, that while chlora^etic acid heated 
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with potash split') into carbon dioxide and chloro- 
form, acetic acid heated with barjrta gives carbon 
dioxide and a gas which he identified with marsh gas, 
of which chloroform is the trichloro-derivative, and 
therefore an analogue. And taking the pnnciple of 
isomorphism as a guide, he declared that compounds 
like acetic acid and chloracetic acid belong to the 
same ch^mcal type, just as all the different varieties 
of alum belong to the same crystallographic or 
mechanical type. A little later he studied the 
action of chlorine upon marsh gas, and though be 
did not succeed in isolating all the succes^ve pro- 
ducts of the substitute of chlorine for hydrogen in 
this compound, he obtained and analysed the per- 
chloride, which is the final product of the action, 
and showed that the production of this compound 
and chloroform represented two stages in the same 
process. The complete series of substitution pro- 
ducts would be expressed by the following names 
and formulfe : 

Methane or manh gM GHHHH 

Ohloromethane or methyl ohloride . . . OHHHCl 

Diohloromethaue or methylene dichloride . CHHCICI 

TrichloromethaDfi or ohloroform .... GHCICIOI 

Tetrachloromethana or carbon tetrachloride GGICIGIGI 

These successive steps have since that time been 
completely traced, and each of these compounds is 
now well known and characterised. Dumas also, 
together with Stas, investigated the action of potash 
<ipon a number of alcohols and their principal ethers, 
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and showed* that all true alcohols can produce a 
corresponding acid. Thus he was led to a classification 
of carbon compounds according to the nature of the 
typical substance, alcohol, ether, acetic acid, aldehyd, 
&C., from which the compound could be derived, 
actui^y or hypothetically, by a process of substitution. 
As will be shown in a later chapter, the molecules 
of water, ammonia, hydrochloric acid, hydrogen, and 
marsh gas were afterwards successively adopted as 
types of the various classes of chemical compounds, 
and thus a classification was effected of the other- 
wise miscellaneous products of successive discoveries, 
especially in the domain of what has so long been 
called "organic" chemistry. Though it was many 
years before this doctrine was generally accepted, 
the important facts came ultimately to be recc^ised 
that certain elements are distinguished by the power 
of holding together two or more atoms of other 
~ elements, or of " residues " consisting of several ele- 
ments united into a group.* 

In water, for example, and in all the immediate 
derivatives of water, such as caustic potash, alcohol, 
ether, ^Iver oxide, hypochlorous acid, it was per- 
ceived that while the electro-positive elements, such 
as hydrogen, potassium, ethyl, &c, could be sepa- 
rately replaced, and that in water the hydrogen is 
divisible into two exactly equal parts, the oxygen main- 

> Ann. ChiM Pkyt. [2], 73, 73 (1840). 

■ A f aller soooant of tbeoe drvelopmenta is reserved for a later 
clwpUr (Chap. V). 
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tains its vruUvisihUity throughout. This important 
distinction is recorded in the formula of the water 



Ht" Hf" Kt" H r- 

Geriiardt pointed out that the formubi H,0 for 
water is preferable to the formula HO (0=8) then 
in use, because it is consistent with the fact that 
each monatomic (in modem language, monad or 
univalent) radicle* gives two derivativea of the water 
type, that is, by succesaive replacement of the two 
atoms of hydn^n it forms two oxides,* like caustic 
potash and oxide of potassium, as shown by the 
above formuls. The same radicle, however, gives 
only one chloride, one bromide, and one iodide. 

Precisely similar considerations can be applied to 
compounds containing carbon. Marsh gas is com- 
posed of this element united with hydrogen, but 
whereas the latter can be replaced by chlorine, or 
other agents, in four separate and equal portions, 
the carbon is not only not so divisible, but it has 
the power of linking together in one definite and 
homogeneous compound the chlorine which has been 
introduced in exchange for a part of the hydrogen, 
and the re^due of hydn^en which is left after such 
operation. Hence such compounds as CHjOl and 
CHClg are producible from marsh gas, and are by 
an inverse operation transformable back again into 

' TbU ii the nsaal modara form ol tbls word. 
* Traili de Chimie Organique, t. iv. fi89. 
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th&t compound. These relations are sufficiently in- 
dicatod by the fbrmulffi already given (p. 92). 

Further, if we examine the now £Euniliar series 
of faomol(^u8 hydrocarbons, alcohols, aldehyds, 
acids, &c., containing carbon in progreasively increas- 
ing proportion, it becomes obvious that each term 
of such series differs from the next below and the 
next above by a quantity of carbon which is never 
less than 12 parts by weight, the quantity of 
oxygen, if present, remaining the same throughout 
the series. The following formulae, for example, 
represent all the known members of the several 
series of parafGns, alcohols, and fatty acids ; 
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It is obvious that in such series x must be equal 
to 1, and the atomic weight of carbon must be 12, 
and not a smaller number such as 6. For sup- 
posing C = 6, then each formula would represent 
the proportion of carbon present as divisible into 
two equal parts, for which there is no Justification 
in fact Uoreover, in such a series as the paraffins, 
there would be on that hypothesis a gas composed 
of carbon and hydrogen having half the density of 
marsh gas, and the formula CK,. It is almost 
needless to say that such a gas is not known. A 
similar argument may be based upon the well-estab- 
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lished &ct that in the numerous definite decom- 
positions in which the oxides of carbon are evolved, 
none are known in which carbon is eliminated in 
this form in quantity less than would be expressed 
by 12 parts by weight. Take formic acid, for example : 

C.By),-H^-0.0 

O^HJOj+O -0,0,+H^ 

If C = 6 these quantities would have to be repre- 
sented as C,0 and C,0, respectively, which wotild 
be unnecessary and illogical, so long as C, is known 
to represent an indivisible quantity. 

Throughout this long discussion, extending over 
twenty years or more, two chief considerations were 
gradually brought to one common focus; the one 
based upon the hjrpothesis of Avogadro provides a 
uniform measure of molecular magnitudes, the other 
indicates the limited combining capacity of each 
elementary atom, and of each group of atoms form- 
ing a radicle. If to this is superadded the strictly 
chemical process which consists in ascertaining by 
experiment whether the qiuDtity of any given ele- 
ment, found in a series of molecules of which it is 
a common ingredient, is divisible into several equal 
parts, or is not so divisible, we arrive at the con- 
clusion that the indivisible or atomic proportions 
of each element can be determined. And the end 
of it is, that taking one part by weight of hydrogen 
as the unit for the scale of atomic weights, and find- 
ing that not less than 16 such parts by weight of 
oxygen ever enter into or leave a molecule of a corn- 
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pouad, 16 must be regarded &b the atomic weight 
of this element. By a similar course of reasomog 
applied to the compomids of carbon, silicon, sulphur 
and its allies, it is now agreed that the value 
assigned to the atomic weight of each of . these 
elements must be, as in the case of oxygen, double 
the Talue preTiousty assumed, so that henceforth C 
stands for 12 parts of carbon, S for 32 parts of 
sulphur, and so forth. 

The new atomic weights and the simultaneous 
changes in the system of chemical formulee were, 
however, not generally adopted in text-books or in 
scientific memoirs till long after 1860. The new 
system was employed for the first time by Hofinann 
in his lectures at the Royal College of Chemistry in 
the year 1861, and this example doubtless assisted 
greatly to promote the recognition of the new doc- 
trine in England. In 1864 Dr. Odlii^, as President 
of the Chemical Section of the British Association, 
was able to congratulate the section upon "the 
substantial agreement which now prevails among 
English chemists as to the combining proportions of 
the elementary bodies and the molecular weights of 
their most important compounds." But in France 
the formula for water continued very generally to be 
written HO, or. occasionally, with equal impropriety, 
HjO^ down to a period at least five-and-twenty 
years later. So great, even in science, is the in- 
fluence of habit and of authority in retarding the 
modification of long settled ideaa 
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The application of the "law" of Avc^fadro to the 
settlement of atomic wdghts is, however, limited 
by the &ct that certain elements, metals, appear 
to be incapable of producing compounds which are 
vaporisable without decompo^tion. Thus silver, 
gold, platinum, copper, and cobalt form no volatile 
chloride or other compound of which the vapour 
density could be ascertained. In such cases recourse 
must be had to other methods, whereof the most 
important is the application of the specific heat, in 
accordance with the discovery of Petit and Duloi^ 
published in 1819. These physicists found that 
when the number expressing the specific heat of a 
soUd element is multiplied by the atomic weight of 
the same, the numerical value of the product is nearly 
constant. This is shown in the following table : 

OoPT or Tablk by Fktit and Duloho ^ 





SpoelflaHMl.. 


Atomic Walgfati Abm 
(O-U xBpi 


^Wdgjl 


BiEmath . 


-0Z8S 


13-30 


3830 


Lead 




■0298 


12-96 


3794 


Gold 




■0298 


12-43 


3704 


PUliQum . 




■0314 


1118 


3740 


TiD . . 




•061* 


7^86 


3779 


Silver 




•065T 


8^75 


3769 


Zino . 




■0927 


4-03 


3736 


TellQriniD 




■0912 


4-03 


3675 


CoppM . 




■0849 


3-9S7 


J7S6 


Nidld . 




■1036 


3-69 


3819 


Iron. . 




•1100 


3-392 


3731 


Cobalt 




■1498 


2'46 


3686 


Solpfanr . 




■1880 


2flll 


8780 



> ^«i. CAmi. Fhyi., 1819, z. 403. 
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The statement of the ral&tion indicated in the last 
column of figures is expressed in the following words 
of the authors, p. 405 : " Les atomos de toua lea 
corps simples ont ezactement la mcme capacibe pour 
la chaleur." 

Of course several of the values inserted in this 
table have since been proved to be exceedingly 
inaccurate. More modem researches have estab- 
lished the general truth of the principle here enun- 
ciated, but only when the temperature at which the 
specific heat is observed lies between the freezing 
and boiling points of water in the cases of all the 
elements except carbon, boron, silicon, and beryllium.* 
The influence of temperature on specific heat is much 
greater than was formerly supposed, and the results 
of modem investigation show that at a very low 
temperature, such as the temperature of boiling 
liquid hydrogen, it becomes very small, and probably 
in all cases it disappears at or near the absolute 
zero,* 

The system of atomic weights at present in use 
is referred to hydrogen as unity, but the scale upon 
which the atomic weight is calculated makes no 
difference except in the absolute value of the pro- 
duct, approximately constant, obtfuned by multiply- 
ing together the specific heat and the atomic weight 
On the hydrogen scale this product is about 64 

■ TUden, /oum. Chtn. Soe., 87, 561 (1905). 

* Nemst. CA«B. Boc. Annwd Report lot 1912, p. 9, 
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and the process of settling an atomic weight is veiy 
simply based on the equation — 

Atomio Wt X Sp«c. Heat=6-4, 
from which, if the specific heat is known, the atomic 
weight can be at once roughly calculated. Sinc^ 
however, the experimental difficulties attending the 
determination of the specific heat are greater than 
those which are involved in the determination of the 
combining propoHion of an element, the numbers 
expressing specific heats are less exact than those 
which express combining weight. The atomic 
weight is either identical with the combining pro- 
portion, or is some multiple of it So that, in order 
to fix the atomic weight of a metal, we take diat 
multiple of the equivalent or combining propor- 
tion which comes nearest to the value of this pro- 
duct. The specific heat of tin, for example, is 
"0659 (Bunsen), and 29*76 parts of the metal com- 
bine with an equivalent of chlorine. Then, since 
At. Wt.=g-^^ = :^= 114-5, the atomic weight is 
taken to be 29'7Sx4, or 1190, or thereabouts, 
rather than 29*76 or any smaller multiple of this 
number. 

It is interesting and important to note that when- 
ever the two methods, based on the use of the law 
of Avogadro on the one hand and that of Petit and 
DuloDg on the other, can be applied to the same 
element the results agree. Thus nickel is known 
to have an atomic weight which approaches 59, for 
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the specific beat is -108 and i^= 59-2. Also the 

vapour density of its carbonyl compound is 86*5 
compared with hydrogen. Hence the molecular 
weight of this compound is 173, and it is found by 
analysis to contain 33'3 per cent of nickel; 173 
parts therefore contain 67'6 parts of nickel, which 
is in practical agreement with the value derived 
from the specific heat. But just as the law of 
Avogadro had to wait nearly fifty years for general 
recognition, so the principle asserted by Petit and 
Dulong remained unapplied and almost unnoticed, 
save casually as a matter of curiosity, down to com- 
paratively recent times. It is true that Renault, as 
a result of his researches, commenced in 1840,^ was 
led to regard the law as universally applicable, but 
Kopp, who resumed the question a quarter of a cen- 
tuiy later, came to the concluaon ' that the law of 
Dulong and Petit is not strictly valid, even when the 
exceptional cases of boron, carbon, and silicon axe ex- 
cluded. The want of «cac( concordance among the pro- 
ducts of the multiplication of specific heat by atomic 
weight does not, however, prevent the very general 
application of the law for the purpose of controlling 
atomic weights in the manner already described. 
And chemistry is indebted chiefly to the representa- 
tions of Oannizzaro' in 1858 for the rec(^piitioD 

■ EapMiallj Aim. CK. PKi/t. [Z], T8. 66, uid [3] 26, 201, and 
46, 367. » PhU. IVtmj,, 1865. 

* U Ifuoio CimenU), 7, 321. BngllBh venlou in iUmbie CUnb 
Jteprint*, No. 18. 
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, of this most important use of the observed re- 
lations. 

The system of atomic weights most generally 
adopted at the present day takes hydrogen as unity, 
though unfortunately there is not a universal agree- 
ment as to this matter, for a considerable number 
of chemists prefer to use the round number 16 for 
oxygen, on the ground that if this number is used 
instead of the somewhat smaller value which more 
exactly represents the atomic weight of oxygen when 
hydrogen is taken as the unit, the atomic weights of 
many of the more common of the elements may 
also be represented by whole numbers without appre- 
ciable error. Thus, if O is 16, we have As =75, 
Br = 80, Ca = 40, C = 12, F=19, Fe=56, 1=127, 
Hg =200, N = 14, P = 31, Na =23, S - 32, 
Sn = 119, very approximately. It must not be 
forgotten, however, that if O = 16, the value I'OOS 
must be assigned for all exact purposes to hydrogen. 
A table of atomic weights in accordance with the 
best avulahle evidence is annually published by an 
International Committee, in which the number 16 is 
adopted as the atomic weight of oxygen. 

Whether the one scale or the oUier Is used, how- 
ever, is a matter of small importance in comparison 
with the immense advantages which have accrued 
&om a general agreement as to the methods by 
which the atomic weights may he calculated from 
the chemical equivalents. As a consequence of this 
agreement certfun relations among the numerical 
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values of the atomic weights have been discovered, 
and the nature of the elements themselves set in an 
entirely new light (see next chapter). 

It seems proper to recall at this point the names 
of a few of the more prominent among the workers 
who have laboured to introduce accuracy into the 
experimental estimations of the combining pro- 
portions of the elements, from which the atomio 
weights of the same are, as idready explained, de- 
rived. The first to make experiments explicitly 
directed towards the estimation of the relative 
weights of atoms was, of course, John Dalton, but 
the numbers he obtained were in many cases so far 
(rom the truth, that his results have at the present 
day no interest, except &om the historical point of 
view. The same may be said of the "equivalents" 
calculated later by Wollaston (Phil. Trans., J814), 
and the first chemist to whom science is indebted 
for estimating these ratios with a tolerable approach 
to accuracy was the Swedish professor Berzelius. 
To this business, indeed, he devoted the greater part 
of a laborious life. His example was to a certain 
extent followed, and a number of very exact estima- 
tions were due to the labours of Dumas, Felouze, 
Be Marignac, and others. Later, the most eminent 
among the numerous workers in this field was 
J. S. Stas, who, in a aeries of papers of which the 
first was published in 1860, gave the results of his 
experiments on the atomic weights of ten elements, 
conducted with precautions more elaborate, and with 
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a skill more refined than anything previously knoini 
in researchea of this kind.* 

The ohject aimed at is to determine exactly the 
proportion of each element which enters into com- 
bination with the unit weight of some one element 
tf^en as the stand^td. During the first quarter of 
last century oxygen was used as the standard for 
comparison, and its combining unit was assumed to 
be 100. But inasmuch as hydrogen enters into 
combination in the smallest proportion of all, it was 
soon found more convenient to take hydrogen as 
Uie standard, and refer all other combining weights 
to that of hydrogen, assumed to be 1. The hypo- 
thesis suggested by Front in 1815, that the atomic 
weights of the elements are multiples of the atomic 
weight of hydrogen by whole numbers, doubtless 
assisted in promoting the adoption of hydrogen as 
the unit. This hypothesis in its original form has 
long since been abandoned. 

The methods actually employed For the purp(»e 
contemplated are very diverse. It is not possible in 
all cases to obtain compounds of the elements with 
hydrogen. The metals, for example, afford but few 
examples of such compounds. On the other hand, the 
metals form oxides which, as a class, are remarkably 
definite and stable substances. Analytical difficulties 
of a practical kind, however, also stand in the way of 

< A complete acoount at th« object, toape, uid reaalta of BUa' 
woA It given In the HemorUl LectDro by ProfesiOT J. W. MkUet, 
read before the Oheini<!al 8oolet7, Dec. 18S2.— TVoiu. Chewi. Bvs., 
63. 1 (1893). 
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^irecUy ascertaining the proportions of the elements 
in such compounds, and chemists resort, therefore, to 
the chlorides, bromides, sulphates, and other com- 
pounds, as well as to the direct ezaiaination of the 
hydrides or oxides for the information desired. 
The ratio iu which hydrogen and oxygen stand to 
each other in water is a matter of such funda- 
mental importance, and the experimental processes 
employed are so instructive, that a short account of 
them may be given hera 

All the early determinations of the composition 
of water by weight were based upon the i&ct that 
copper oxide may be heated to redness by itself 
without decomposition or loss of weight, but that 
in presence of hydn^n it yields copper, which 
remains behind, and water in vapour, which may 
be condensed and collected in suitable apparatus, so 
that its weight can be determined. Hence the loss of 
weight sustained by oxide of copper heated in a stream 
of pure hydrogen would give the weight of oxygen in 
the water which is formed. The difference between 
the weight of water and that of the oxygen in it gives 
the hydrogen. The first results of real value were 
obtained by Dumas, and were published in 1842. 

The figure, given in Dumas' paper in the AnnaZea 
de Chitnie, shows the vessel in which hydrogen was 
generated, tubes containing materials for purifying 
and diying the gas, a bulb containing pure cupric 
oxide, and a second bulb with connected tubes, in 
which the water formed is collected wiUiout loss 
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of vapour, carried away by the escaping excess of 
hydrogen. The weight of the bulb containiDg the 
oxide is determined with great care before the ex- 
periment begins, and again at its close. The weight 
of the bulb and of the connected tubes is also deter- 
mined when empty, and after the collection of the 
water. Many precautions are necessary, and many 
were actually adopted by Dumas, but all sources of 
error could not be avoided at that day, even if they 
were recognised. Some of the experimental diffi- 
culties are obvious enough, such as the impurities 
present in hydrogen obtained by the customary 
methods, the difficulty of removii^ moisture from 
the gas, and the intrusion of air by leakage tlirough 
the joints of the apparatus, the presence of impurities 
in the cof^ter oxide, the uncertainty of the weigh- 
ings performed in atmospheric air, the condition of 
which as to moisture, pressure, and temperature varies 
from day to day. These and others, unsuspected in 
Dumas' time, have been considered, and more or less 
completely met by later investigations. The results 
of these successive inquiries into the application of 
this method are ^ven below : 

NamM of EiperinianteR. CombiiiiDif WsighL Probable 

of Oxygen. fcror. 

DumM 16-9607 ± -0070 

ErdmaDD aod Ibrohand . . 16-976 ±0113 

Oook uid Riobarda . . 16-869 ±-0030 

KeiMT I&*9(il4 ±<K>11 

bittmar and Henderaon . . 16*8667 ±-0046 

Hoyet 16'896e ±-0017 

Lednc 16-881 ±-01SS 



p:h»Google 



HI] COMBINING WEIGHT OP OXYGEN 107 

An entirely distinct method, involving the diffi- 
cult task of uniting oxygen to hydrogen, and weigh- 
ing not only the water produced, but the gases 
themselves before combination, was undertaken 
by Professor E. W. Moriey. The hydrogen was 
absorbed by palladium, and the metal with the 
"occluded" gas weighed separately. The oxygen 
was weighed in the gaseous form in compensated 
globes, and the combination of the hydrogen with 
the oxygen was effected by means of electric sparks, 
in an apparatus in which the resulting water could 
be collected and weighed, while the unconaumed 
residue, whether of hydrogen or oxygen, could be 
collected apart and determined. The result of a 
series of such experiments gave for the combining 

weight the value 

15-8790± -00028, 

One other important method, involving again a 
different principle, must not be omitted; this is a' 
comparison of the densities of the two gases, hydro- 
gen and oxygen, with the assumption, fully justified 
by abundant evidence which cannot be discussed 
at this point, that supposing them to be true gases 
(see Chapter IX), their densities would be pro- 
portional to their combining weights. Oxygen and 
hydrogen are not, however, perfect gases, uniting in 
the exact ratio of one volume to two volumes. As 
the combined result of very elaborate experiments 
conducted by Dr. Alexander Scott' and by E. W. 

< PhU. Tran*., 1898. 
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Morley/ the ratio is actually I to 2-0028, with a 
small probable error. This fact has to be taken 
into account in estimating the chemical combining 
weight of the gases from their relative densities. 

A lai^e number of weighings of these gases have 
been made by successive generations of chemists 
from the times of Cavendish and I^voi^er onwards, 
but the first determinations which attained to any 
considerable d^ee of accuracy were those made by 
Regnault about 1845. The subject has been taken 
up again in recent years by Lord Rayleigh,* and by 
Morley, whose work has ' already been referred to, 
also by the late Professor J. F. Cooke, and others ; 
the result being that the number finally adopted, as 
expressing the density of oxygen, is appreciably less 
than the number resulting from Regnault's and the 
other earlier estimations. In the end the results 
stand as follows: the value of the symbol O firom 
the E^thesis of water is 15'8760; from the densi- 
ties of the gases it is 15-8769." The number 15-88 
may therefore be taken for all practical purposes as 
the combining proportion of oxygen. 

' Amer. Joura. Set. [8], ilvL 220, 276. 

' "Oatbe Densitiw of the Principal Gases" (Pros. Aoy. Soe^ 
liii. 131). 

* These are tbe valnes calonlated by Professor T. W. Ctarko from 
all the best Aula, oombloed. See SmitAtonian ComtanU qf Natttrt. 
A Recali^alion oftJu Alomie Weig/iU, 3rd ed. 1910. 
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Ambdeo Avooadro (di Qnaregna e di C«rTeto) wu bom at 
Turin, 9th August 1776, and diod 9th Julj 18G6. The name 
Avogadro appears to be a modifioation of Avoeatit in reterenoe 
to the functions discharged by the familj in early times in 
connection with the legal biuinesa of the clergy. Amedeo 
himself took the degree of Doctor in Ecclesiastical Law, and 
for some years was engaged in the practioe of the legal pro- 
fessioQ. But from about 1800 lie began the serious study of 
mathematics, and in 1809 became Professor of Physics at Ver- 
celli. In 1820 the first Italian chair of mathematical physics was 
instituted at Turin, and Avogadro held this ohair till the end 
of 1822, when it was suppressed. In 1832 the chair was re- 
stored, Bed after being occupied by Cauchy for two years it 
was given agun to Avogadro, who held it till ISCO, when be 
retired. 

lOper* ticelU di Amt.deo Avogadro. Published by the Academy 
ot Sciences ot Turin. Prefaced by a Life by Prof, J. Qnareacbi, 
Idll.] 

Stanhlao Cankiziiako was bom in Palermo on 13tb July 
1826, the youngest of a large family. At the ag6 of fifteen he 
began the stndy of medicine at Palermo, but in 1845 he made 
the acquaintance of the physicist Helloni, and by his intro- 
duction became assistant to Piria at Pisa. Henceforward his 
studies were devoted to chemistry, though interrupted by bis 
taking part in the revolution in Sicily, Escaping to Paris, he 
worked in the laboratory of Chevreul, and joined ClocB in 
work on cyanogen chloride, which was published in the Carivpte* 
Rendtu in I8C1. Soon afterwards he wss recalled to Italy and 
appointed Professor at the National School at Alessandria. 
Here he discovered beneylic alcoboL In 1866 Canniezaro was 
appointed to the Chair of Chemistry in the University of 
Qenoa, but once more he left his studies to join the revo- 
lutionary movement, under Garibaldi, which led ultimately to 
the unification of Italy. In 1801 be was called to the Chair 
of Chemistry in Palermo, where he remained about ten years. 



p:h»Google 



110 THE PROQRESS OF SCIENTIFIC OHEHISTBT 

In 1871 he waa appointed to the Chair in the new Dnivernty 
of Rome, and this he retained, together with the position of 
Senator, till within a year of his death, whioh occurred on 10th 
May 1910. Canniezaro occupied bimaelf with subjects drawn 
from orgatiio chemistry, but his great service to science consiats 
in the Sketch of a Count of Cktmicai Pkiloiop/ty, published in 
1SS8, of which the principles were expounded in 1860 at the 
Chemical Oon^eas at Garlaruhe, and again in 1892 at the 
Paradaj Memorial Lecture given before the Chemical Society 
in London. 

[CanniEzaro Uemorial Lecture. W. A. Tilden. Jotirn. 
Cftem. Soc, 101, 1677 (1912).] 

Frank Wioolbsworth Clabkb, LL.D., D.So., chief chemist 
to the Doited States Geological Survey. 

JosiAH Parhonb Cookb, bom at Boston, 12th Octoher 1827. 
Erving Professor of Chemistry and Hineralogy at Harvard 
University, Cambridge, Muss. 

He died 12th September 1804. 

[Biographical sketch by H. Benjamin. UlcitiUifie dmfriean, 
67, 377 (1887).] 

Charles Fh^dIibio Qerhardt was born at Straabonrg, 21st 
August 1810, the son of Paul Qerhardt, a ohemical manu- 
facturer at Berne. He early showed a taste for chemistry, 
and attended the lectures of Professor Erdmann at Leipiic. 
Owing to a quarrel with his father he enlisted in a regiment of 
Chasseurs, but after a short service regained bis freedom with 
the assiatauoe of a friend. Me then proceeded to Giessen, and 
worked under Liebig's direction for eighteen months. In 1838 
ha went to Paris, and oommenoed researuhea on cnminic acid 
and other compounds at the laboratory of the Jardin des 
Plantes. In 1844 he waa appointed Professor at Hontpellier, 
but after four years he abandoned hia chair and returned to 
Paris, where he established a laboratory of his own. In 185S 
he was nominated Professor to the Faculty of Sdenoes at 
Strasbourg, but after a very short illness he died on 19th 
August 1856, just as he had completed his great work on 
Organic Chemistry. 

lObituary, Quarterly Jaunt. Chmn. Soc, 10, 187 < 188S).] 
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Adodst Wilhbui ton HofMAHM WM bora in QiaaMn, 8tli 
April 1SI8. He Dutriculatad at th« Univenitj', November 
1636, and took his degree Auguat 1841. Hecontinuad to work in 
Liebig's labontory, and in 1843 publialied bis first reaearch un 
cuol tar, in which he proved the identity of Kunge's kyanol with 
Fritsche's aniline. He then became first assistant to Liebig, 
and in lS4fi wss appointed ExtrsordiDary Professor in the 
University of Bonn. Id the same yenr the Royal College ol 
Chemistry was founded in London, and Hofmann w&s invited 
tobecomu the first professor. In 1866 Hofmann was appointed 
to the Chair of Chemistiy in the University of Berlin. Ha 
died suddenly, 9tli Hay 1802. Hofmann's very extensive 
researches related chiefly to the production and properties of 
the organic bases, especially aniline and its derivatives, includ- 
ing some of the artificial colours. 

[Hofmann Memorial Lecture. Flayfair, Abel, Perkin, 
and Armstrong. Joum. Chem. Soe., 69, 576 (1896), Also 
" Sonderheft," Ber. d. Dtut. Chem. Qtt., 1902.] 

Herhann Kopp, bom at Hanau, 30tb October 1817, the son 
of « physician, He studied chemistry first at Heidelberg under 
Gnielin, but gradnated at Idarburg. In 1841 he beoame privat- 
doeent in the nniversity of Giessen. On removal of Liebig to 
Munich, Kopp and Will were appointed professors, with joint 
charge of the laboratory. In 1863 Kopp aocepted a call from 
Heidelberg, where he remained till hia death on 20th February 
1892. 

[Kopp Uemorial Lecture. T. E. Thorpe. Joum. Chem. iroc,, 
63, 770 (1893).] 

John Williau KUt.lbt, T.RS., was born near Dublin, 
10th Oot. 1832. He was educated at Trinity College, Dublin, 
and in Gottingen under Wohler. About 1864 he went to the 
United States, where he occupied successively a number of 
offices, ultimately beooming Professor of Chemistry in the 
University of Virginia. He took part in the Civil War from 
1861 to 1866, but he never beoame naturalised as an American. 

He died in Charlottesville, Virginia, 7th Kov. 1912. 

[Obituary by Theodore W. Richwds, Joum, C^tan. Soc., 103, 
760 (1913).] 
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Edward Williams Hoklkv, Sc.D. (Yala), Profeuor-Enwri- 
tni in the Weatem BoMcve Uiuv«ruty, CleveUnd, Ohio. 

William Odlino, M.A., F.R.S., Wajnflete Prafeuor of 
Chemistry in the Uaivarutjr of Oxford. Betired 1912. 

Thbophilb Jules Felooze, born 26th February 1807 at 
Vak^nei (Dep. La Hauche). Felouee began life in oonoection 
with pharmacy, but haviufi; gained adraiouon to Oay-Liuaac's 
laboratory, he doToted himaelF exclusively to cbenuBtrj. In 
1830 be became for a time AsBociate Profesaor to the Munici- 
pality of Lille. Later he became Professor at the Kcole Poly- 
teohiiiquu, and in 1S50 succeeded Thdnard at the Collie de 
France. In 1818 he also became Preaident of the Comnisaion 
des Monnaies, and carried out the recoining of the silver 
and copper. 

He died Slat Hay 1867. 

[Obituary, Joum. Chem. Sot., 21, xxv. (1868).] 

Aleiih Th^rAse Petit, born 2nd October 1791 at Veaoul, 
died 2lat June 1820 in Paris. Student, and later Profeaaor of 
Phyaioa at the Ecola Polytechnique, Paris. 

[Pogffendorff'a Hamdjcerterbuth.] 

WiLUAU Fboct, bom 1786. U.D. of Edinbnrgh, 1811. 
Physician. Be died in 18M). 

[fHrlioTuiry of National Biography.] 

Alexander Scott, D.Sc. Bdin., F.R.8. From 1896 to 1912 
Superintendent of the Davy-Faraday Laboratory of the Royal 
Institution. 

Jean Sbsvaib Stas was bom at Louvain on the 2Ist Aug. 
1813. Ue f^raduatedaa Doctor of Medicine, but never practised. 
Having gained admiasion to Dumas' laboratory in Paris, and 
with him worked on n number of organic compounds, he joined 
Dumas in redetermining the atomic weight of carbon. In 1840 
Stas returned to Belgium to enter on the Professorship of 
Chemistry at the £!cole Royale Militaire. He afterwards held 
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for aoma time a poaition id tli« Belgium mint. He died on the 
13th December 1891. 

[St&s Ueinorinl Lecture. J, W. Mnliet. Jaam. Chem. Soc., 
63, 1 (1893)0 

Alez&itder Williau Wiixiaiibok was born At WandBworth, 
Ist Ha7 1624. In 1840 he bef;an the study of chemiBtry 
nnder QmeliD >t Heidelber);;, but in 1844 ha went to Gieaaen, 
when be remained two years, workiag chiefij with Liebig. 
In 1840 he went to Pkria, and studied matheoiatioa with An^ruate 
Comte^ In 1S49 he was appointed to succeed Fownaa as Pro- 
feaaor of Practical Chemistry in Univeraity College, London, 
Rnd here he produced his memorable work on " Etherification," 
«iid other papers on the " Constitution of Salts," in which the 
idea of the " water type " was set forth. On Graham's retire- 
ment Williamson nndertooli the duties of the chair, which he 
leteinsd till 1887. He died at his house at Hindhead, 6th May 
1904. 

[Obituary by O. Carey Foster. Joum. Chtm. Soc., ST. 600 
(1905).] 
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CHAPTER rV 

NUMERICAL RELATIONS AMONG THE ATOMIC WEIGHTS: 
CLASSIFICATION OF THE ELEMENTS 

It may be inferred, irom what has been stated in 
tbe preceding cbapter, that the process of deter- 
mining an atomic weight resolves itself into two 
parts, namely, the exact determination of the con- 
bining proportion, or, as it was formerly called, the 
equivalent, and the multiplication of the equivalent 
by a &etor, 1, 2, 3, or 4, derived fmm the applica- 
tion of the law of Avogadro, the law of Dulong and 
Petit, or from some other consideration, according to 
the circumstances of the case. 

A complete digest of all the determinations of 
modem times has been prepared by Professor F. W. 
Clarke, and published as a volume of the " Constants 
of Nature," by the Smithsonian Institution, Wash- 
ington (third edition 1910), and the numbers have 
been generally adopted by the International Com- 
mittee and issued annually in tables published by 
the English and German Chemical Societies. Some 
of these values are probably inexact, but they 
represent the best estimate which can be made in 
the present state of knowledge. 
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The hypothec put forward by Prout early in the 
century has been a fruitful aouroa of discussioD, and 
even at the present day is r^arded by some chemists 
as hardly yet disposed o£ Prout supposed that the 
atomic weights of the elements are multiples by 
whole numbers of the atomic weight of hydrogen ; 
but in consequence of the atomic weight of chlorine, 
according to the experiments of mtmy chemists, 
invariably coming out midway between 35 and 36, 
it is obvious that the principle thus expressed is 
untenable. Consequently it was suggested, first, that 
the hypothecs might be modified by making one 
half the atomic weight of hydrogen, and subse- 
quently one fourth the atomic weight of that element, 
the unit. Stas b^;an his researches with a strong 
prepossesfflon in £aTour of Frout's hypothesis, but 
the results of his protracted labours, by &r the most 
trustworthy of all the systematic investigations of 
the subject which we possess, only led him to regard 
it as improbable that any such relation among the 
atomic weights really subsists. 

A large part of the interest attaching to this sub- 
ject arises from its association with the question as 
to the probable nature and origin of the chemical 
elements. On the one hand, each of the elemen- 
tary bodies may represent a separate creation inde- 
pendent of all the rest, and having nothit^ in 
common with them. On the other hand, supposing 
a relation can be traced between the masses of 
the atoms of which different elements are composed, 
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then it is open to inquiry whether th^ may not 
have had a common origin ; whether they may not 
represent several stages in a fonnative or evolutionary 
process, operating upon a primitive simple material ; 
and whether in that case it may not be possible to 
transform one into another by the operation of 
fancies within the range of practicable experiment. 
Some account of modem speculations on this subject 
will be given in a later chapter. 

It had long been noticed, and specially pointed 
out by Dobereiner in 1829, that when famiUes of 
closely allied elements are examined they are com- 
monly found to consist of three members, for ex- 
ample chlorine, bromine, iodine or sulphur, selenion, 
tellurium or lithium, sodium, potaasium; and that 
in such cases the values of the atomic weights are 
so related that the middle term of the series is 
nearly the arithmetical mean of the two other 
terms. For example: 



But no general discussion of the subject ] 
much interest appeared until 1S5S, when Dumas 
published a most interesting Memoire sur lea Equi- 
valents dea Corps Simplest 

In this memoir Dumas drew attention to the 
analogy which may be recognised between series 
of closely related elements and the known series 
of compound radicles, such as methyl, ethyl, propyl, 

■ Ann. mini. Phyt. [3], SG, ]28. 
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&e., of which so many examples occur among carbon 
compounds. Thus, regarding hydrogen as the first 
member of the series, and writing equivalent quantities 
of the hydrocarbon radicles in succession with their 
combining weights, we have — 



Hydrogen 


H 


Hethjl 


CH, 


Ethyl 


CA 


Propyl 


C,H, 


Butyl 


0,H, 


Aayl 


O.H„ 



Here it is obvious that in passing Irom term to 
term there is a common difference of 14 units, and 
representing the value of the first term as a, and the 
difference as d, the value of any single term may be 
expressed by a+vd. Hence, on taking three terms 
at equal distances in the series, it is found that the 
combining weight of the intermediate term is the 
arithmetical mean of the combining weights of the 
other two. For example, 43 is equal to the sum of 
29 and 51 divided by 2. Dumas also drew atten- 
tion to the fact that in such a series combining 
proportions represented by such numbers as 141 
and 281, 127 and 253, stand so nearly in the 
relation of 1 to 2 that if they belonged to substances - 
supposed to be elementary, and not known to be 
compound, it would almost certainly be inferred 
that tiiis actually represented the ratio of the one 
to the other. Relations very similar to these are 
traceable among the members of the several recog- 
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nised natural families of the elements, and Dumas 
waa able, with the atomic weights accepted at that 
time, many of which had been corrected by his own 
experiments, to represent several series by formulse 
of this kind. He further showed that, on placing 
certain of these groups side by side, a common 
difference ran through the successive terms of the 
parallel series. For exunple : 

Fluorine, F . . 19 NitivgeD, N . . 14 

Chlorine, 01 . '. 35-5 Pbospborua, P . . 31 

Bromine, Br . . 80 Arsenic, Ab . . . 75 

Iodine, I ... 127 Antimony, 8b . . ISS 

.Here the difference between each term of the 
halogens and the corresponding member of the 
nitrogen series is, with one exception, exactly 5. 
LatCT determinations have, however, so modified 
these numbers that the difference is no longer 
constant throi^houL The question of the numerical 
relations among the atomic weights was not long 
suffered to renuun at rest Many writers had drawn 
attention to various cases of individual or serial 
peculiarities, but so long as the atomic weights of 
the elements remained uncoordinated with a com- 
mon standard, it is obvious that no substantial 
progress could be mada We have seen in the last 
chapter how, by the recc^;nition of the law of 
Avogadro and of the law of Duloi^ and Petit, the 
atomic weights were ultimately systematised; and 
almost so soon as this was acoompliahed s yeiy 
remarkable discoveiy was made, which ultimately 
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brought the whole of the known elements within 
one compreheonve scheme. This scheme, which is 
usually incorrectly referred to as the " periodic law," 
is baaed upon a principle which would more appro- 
priately receive thaA deagnation. The principle 
iriiich is now generally recognised may be expressed 
as follows : If the dements are arranged va the order 
of the nwmerical vahie of their aiomic wvights, their 
properties, phyaicai and chemical, gentraHy vory in 
a recwrrent or periodic manTier. 

We will now radeavour to trace the succesnTe steps 
which have led up to this generalisation. The exist- 
ence of triads of closely related elements, as already 
stated, had long been recognised ; and an extension of 
this idea, recalling the propertjes of homologous series, 
had been discussed by Dumas, with results ^ready de- / 
scribed. But the various seriea of elements remained i 
as separate series, disconnected one &om another.^ 

In July 1864 a p^>w was communicated to the 
Chemieal Ifevx by Mr. John A. R Newlands, in which, 
in the course of discussing certain supposed r^ulari- 
Ues in the atomic wfflghts of the elements, he drew 
up a list of all the then known elements in the order 

' A claim was pat foiward some jears ago by Utusiears Lecoq ( 
deBoUtmndraii&Dd Lapparent in f&voar of A. E. B. de CbancoQitois, \ 
for a ahan la the oredit of baling origlaated tbs Idea of the pododio I 
nlattoD ol piopertiee to atomlo weigbte among the ohemlcal ele- i 
tnanto. In 1862-63 U. de Chanooaitola, a geologiM and «igln«ei, | 
[n-Mented a Mriea of pap«n to the French Acadimie des floienoea, 
which wen colleotad together la IS68 noder one title. "Le Vie 
Telluriqne, oIatMm«nt aatarel dei oorpa limplei ou radicanz obtenn 
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of the numerical value of their atomic veighta, and 
in the month following he vas led to announce, 
with reference to this table, the existence of a 
simple relation among the elements so arranged. 
Numbering the elements in order, hydrogen 1, 
lithium 2, glucinum 3, boron 4, and so on, he pointed 
out that " the eighth element, starting from a given 
one, was a sort of repetition of the first, or that 
elements belonging to the same group stood to each 
other in a relation similar to that between the ex- 
tremes of one or more octaves in muaa" 
Almost immediately after this, namely, in October 
,(,4^ of the same year, an interesting paper appeared in 
' the QiuxHerly Jowmal of Science (vol, i. p. 642), by 
Dr. Odiing, on "The Proportional Numbers of the 
Elements," in which he pointed to the marked con- 
tinuity in the arithmetical series, resulting from an 
arrangement of the whole of the then known ele- 
ments in the order of their atomic weights, or 
" proportional numbers," as he preferred to call 
them, the only exceptions to the very gradual in- 
crease in value of the consecutive terms being 

aa mojen d'ao Syst^me de CUsaificatioD h«lfcoidal et uamerique." 
B; coiliDg a helix with as angle of 46* round b cjtiader divided 
vertioallf into sixteen eqnal parta by lines drawn from the cii^ntar 
base, the helix cats thew linea at equal distances ia its asceot, and 
the points of intersectioD were aapposed to represent the atomic 
weights of elements which differed from one another by 16, or 
maltiples ot 16. The aathor seems to liave had the idea tluit 
proputiea are in some way related to atomic weight, bnt tbie 
idea was so confused by fantastic notions of his own, tliat it is im- 
possible to be sure tliat he resllj recognised ulytbiDg like periodicity 
in this relaUon. 
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manifested between the numbers 40 and 50 (Ca 
and Ti), 65 and 75 (Zn and As), 96 and 104 
(Ho and Ro), 138 and 184 (Ta and W), 184 and 
195 (W and Nb), wid 210 and 231-5 (Bi and ThX* 
Id this paper Odling showed that this purely arith- 
metica] seriation may be made to agree with an 
arrangement of the elements according to their 
gener^y recc^nised affinities, and he drew up a 
table, of which the following is a revised version, 
published in Watts' Dictiana/ry of Chemistry (voL 
iii. p. 975), only a few months later: 



L 


r 


Na 


23 









9 


Mg 


24 


Zn 


65 


B 


u 


Al 


27-5 









12 


Si 


28 






N 


14 


P 


31 


Al 


75 





16 


8 


32 


Se 


79S 


*• 


19 


a 


35-6 


Br 


80 






E 


39 


^ 


85 






Ck 


40 


8t 


87-5 






Ti 


48 


Zt 


S9-S 






Cr 


S2-S 










Hn 


S6 




~ 



Mo 


96 


W 


18* 






An 


196-6 


Pd 


106-6 


Ft 


197 


S! 


1m 

113 


Hg 


200 






TI 


203 


Sn 


118 


Pb 


207 


8b 


122 


Bl 


210 


Te 


129 






I 


127 




— 


C 


TaT 






Ba 


137 










Th 


231 


V 


138 














. 



Here mfmganese stands proxy for the iron metals, 
and pli^inum and palladium for their respective 



> Hoat or th«se breaks are now «cconDted toT bj the exlBt«iic« of 
elementa dwcorered alDce that time, and with atomic weights 
Kppnxlniatelj a» followi, vii. 8c = 44, Oa = T0, and Oe = 72; .tbe 
auth metilB, 1^ = 139, Ce = 140, Fraaeodymlam^FrsHl. Neo- 
ajiniiim = Nd = 144, Sin = 160, Tb=lG9.Bb = 168, while Ta U oow 
181, ud Nb 94. 
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Towards the end of this paper, the author drew 
attention to the large number of instances in which 
the atomic weights of proximate elements differ 
from one another by 48 or 44, or 40 or 16, and 
remarks : " We cannot help looking wistfully at the 
numbev 4 as embodying, somehow or other, the 
unit of s common differenca" * From this it would 
appear that something analogous to the idea of homo- 
logy, which had attracted Dumas, was hovering in his 
mind. In conclusion, the pregnant observation occurs 
that " among the members of every well-defined group, 
the sequence of properties and sequence of atomic 
weights are strictly parallel to one another." 

In August 1865 Mr. Newlands again wrote to the 
Chemical News (vol. xii. p. 83), as follows : " If the 
elements are arranged in the order of their equiva- 
lents, with a few sUght transpositions, as in the 
accompanying table, it will be observed that elements 
belonging to the same group usually appear in the 
same horizontal line. 



KO 


. NO. 1 No. 


No 


No, 


No. 1 No. 1 


No 






















Ss'S.vS V. 






^ 11 C? IB 


























Is ;? ' SL ■ *i ^? 


















8e . ffl 


Ho4Ka»6 


T« *3 1 Au . « Oi 


a 



Nalt. — Wheo two olemeata happen to have the xame eqnivAUnt, 
both are dcaignAted by (be «aiD« oainber. 

' From tbe more exact Talnes for the Atomio we^bta to b« given 
later, it will be seen U»t thete differenoea are but loogblj repie- 
aented b; theie whole DDiDberi. 
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It will also be seen that the numbers of analogous 
elements generally differ either by 7 or by some 
multiple of 7 ; in other words, members of the same 
group stand to each *other in the same relation as 
the extremities of one or more octaves in music. 
This relationship Newlands proposed to call the 
" Law of Octaves." 

The following year the same chemist brought the 
relations which he had observed to the notice of 
the Chemical Society of London, and produr%d a 
table similar to the above, with a few alterations, by 
which mercury was brought into the some tine with 
cadmium, lead into the same line with tin. He also 
us^ atomic weights calculated on Cannizztuv's sys- 
tem, so &r as known facts would permit. The time, 
however, hod not arrived for the general acceptance 
of ideas of this kind, obscured as they necessarily 
were by imperfect knowledge, both of atomic weights 
and of the inter-relations of the elements as to 
properties. The Chemical Society in 1866 were dis- 
posed to laugh at Newtanda and his " law." Twenty- 
one years later the Royal Society awarded him the 
Davy Medal for his discovery. 

Others, however, soon took up the question in 
a very serious spirit, and with less of the hesita- 
tion which had characterised the treatment of the 
subject up to this time. This arose concurrently 
with a feeling of greater confidence in the re- 
vised system of atomic weights, which by the 
end of the decade 1860-70 were quite generally 
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adopted, at any rate in England and Germany ; and 
probably out of this confidence was gradually de- 
veloped some idea that the relations already noticed 
did indeed correspond to some profound physical 
law relating to the nature of the elements. In 
March 1869, Professor D. MendeleefF communicated 
a paper to the Russian Chemical Society,' in which 
he set out an arrangement of the elements in a 
table having considerable resemblance to the table 
drawn up by Odhng five years befora 

HENDBLiErr'B Tablk of the Elbubnts, 1869. 



I B =11 

=12 



Mb =24 

AT =27 '4 



7.r 


- 90 


Nh 


- M 


Mr 


=9G 






Hii 


-104-4 


W 


-106 -G 




= 106 






l)r 


-IIU 


Sn 


-118 






'IVi 


-128! 






IIh 


-133 


Ba 


-137 



In commenting upon this table the German ab- 
stract,' which is alone accessible to English, and 
presumably also . to most German readers, repre- 
sents the author's view by the following words: 
" 1. Die nach der Grosse des Atomgewichts geord- 

> ZeittcKtift far Cliemit, ]869, p. 406. 
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neten Eleraente zeigen dine Stufenweise Abftndening 
in den Eigenscliaften." This appears to contain an 
important error of translation, for Ifendel^eff, in 
a communication made to the Berlin Chemica] 
Society ' upon the history of the question, explains 
in a footnote that the word which in the Kussian 
original means periodiache, has been rendered atufen- 
toeise gradual, or by degrees). It must, however, be 
remarked that the table does not so obviously sug- 
gest periodicity of properties in the elements so 
arranged, as does Newlauds' earlier, though con- 
fessedly imperfect, attempt. 

In this paper Mendeleeff pointed out that the 
discovery and properties of elements then unknown, 
as for example analogues of silicon and aluminium, 
might be predicted ; and further expressed the con- 
viction that such a system might be applied to the 
correction of atomic weights, citii^ as an example 
(he case of tellurium, which, according to this view, 
ought to have an atomic weight smaller than that 
of iodine. 

In December 1869, Lothar Meyer, then prgfessor 
in the Polytechnicum at Carlsruhe, contributed a 
paper to Liebig's Annalen,' entMed " Die Natur der 
Chemischen Elemente als Function ihrer Atom- 
gewichte," in which, after giving a table of elements, 
with their atomic weights, which he described as 
substantiaUy identical with that of Mendel^ff, he 

> BerulUe der DcutteK. Chan. Ott.. t, 361 (IRTl). 
■ Snpplemeiit, vt. kud vii., 18T0, p. 3fi4. 
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pointad out that from the table it may be deduced 
that the propertiea of the elemeDts are generally 
a periodic fwnction of the atomic weight. This obaer- 
Tation seems to show that the periodicity did not 
become apparent to Meyer, at any rate, tiU the table 
of Mendel^eff had been subjected to the modifications 
introduced by Meyer, and shown belov : 



B 11 A\ til' 

1! fli » I 



N* K-9 , K W 

Ub^'* c> sat 



At 74-g I ' Bb m-i i 

I ' Nb B9-T ' ' 

a> 78 . ' ta ini 





■n im»| 




ntxt'i 


T.Utt'2 


Biaw-Bi 


W 18S-6 




01 wei 




Ad 1011 




HbIM'B 





Obviously in this scheme the same or similar 
properties recur when the atomic weight is increaaed 
by a certain amount, which is first 16, then about 
46, and afterwards amounts to 88 to 92 units. 
This had been noticed by Odling and others pre- 
viously, but Meyer got a step further when he 
pointed out (loc. cU., p. 388) that the combining 
capacity of Che atoms rises and &lls regularly and 
equally in two such series as the following : 



c 



o 
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A complete and triumphant vindication of the 
principle of periodicity is provided by the graphic 
representation of the relation of atomic volume to 
atomic weight, drawn up for the first time by Meyer 
at the end of this paper. The diagram he gave, and 
of which a portion is reproduced on the opposite 
page, speaks for itself 

It is evident, then, that the conception of the 
periodic relation gradually and independently took 
shape in the mind of more than one chemist during 
the period we have had under review. But it would 
be only just to point out that a depth of conviction, 
which almost amounts to inspiration, earned Men- 
del^eff further in the study and application of the 
principle than any of his predecessors or contempo- 
raries. In August 1871 he drew up a complete 
expo^tion* of the principle, which he henceforth 
calls the periodic law, and of the deductions which 
may be made from it. And here for the first time 
appeared the table which, in some form or other, is 
now to be found in the pages of nearly eveiy text- 
book of theoretical chemistry, and which is now 
employed as the most generally received basis of 
classification of the elements. The table is repro- 
duced in this original form in order to show how 
great an advance it represents in the development 
of the ftindamental idea. 

In connection with the discussion of this scheme, 
Mendel^eff's most brilliant achievement was its appli- 

t, Snpplem., viii. p. 133 UST2). 
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cation to the prediction of the properties of elements 
yet to be discovered. "Whwi," he ssya, in one of 
the diaracteristic footnotes in his PWfunpJes of 
Ohemietry (voL ii. p. 25), " in 1871 I wrote a paper 
on t^e apphcation of the periodic law to the detcami- 
nation of the properties of yet undiscovered elements, 
I did not think I should hve to see the verification 
of this consequence of the taw, but such was to be 
the casa Three elements were described, eka-boron, 
eka-almninium, and eka^silicon; and now, after the 
lapse of twenty years, I have had the great pleasure 
of seeing them discovered and named after those 
coun^es where the rare minerals containing them 
are found, and where they were discovered— Gallia, 
Scandinavia, and Germany." Mendel^efTs eka-boron 
was called by Nilson, its discoverer. Scandium; the 
representative of eka-aluminium was discovered in 
the zinc-bleude of the Pyrenees by Lecoq de Bois- 
baudran in 1875, and named Gallium ; while a new 
silver ore at Freiberg yielded, in the hands of 
Clemens Winkler, a new metal, which he recog- 
nised as the representative of eka-sihcon, and to 
which he patriotically gave the name Germanium. 

The process which led Hendel^eff to this remark- 
able result consists, naturally, in the careful study 
of the properties, not only of the aeries in which the 
unoccupied place occurred, but also of the proper- 
ties of the neighbourii^ series, and of their mutual 
relations. A few &ots may be given to show the 
nature of the conclusions to which he was led in one 



p:h»Google 



130 THE PROQBBBS OF SClKNTinO CHBICISTBT [CHAP. 

case, and the extent to vhich they vere afterwards 
justified. 

To eka-BillcoD Mendel^efT assigDed, in 1871, the 
atomic weight 72. He described it as a difficultlj 
fusible, dark grey, metallio substance, which in the 
state of powder would paas at a red heat into the 
difficultly fusible oxide EaO^ The specific gravity 
of the oxide would be about 4*7, and similar in 
appearance, perhaps in cryHtaUine form, to tjtanic 
oxide. The metal would act on steam only with 
difficulty, and on acids slightly, though more easilj 
on alkalis, while the oxide would display more 
decided acidifying power than titanic oxide. The 
fluoride, EsF^, would be volatile, but not gaseous at 
common temperatures. The chloride, EsCl^, would 
be a volatile Uquid, boiling at a temperature about 
100", probably somewhat lower; and there would 
be a tetrethide, EsEt^ with a boiling point about 
160°. 

Germanium is described as a greyish white, 
lustrous, veiy brittle metal, which melts at about 
900°, and crystallises in regular octahedrons on 
cooling. It is unchanged in air at ordinary tem- 
peratures, but is oxidised when heated in a state 
of powder. It dissolves in sulphuric add, but 
not in hydrochloric acid. The oxide, GeO^ is a 
dense white powder of specific gravity 4*7, slightly 
soluble in water, producing a solution which has a 
sour taate. The oxide dissolves readily in alkalis. 
The fluoride is a volatile substance, probably solid. 
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The chloride, QeCl^ is a colourless liquid, vhicb 
boUs at 86°, and the tetrethide, GeEt^ is a liquid 
which boils at 160°. The atomic weight of ger- 
manium ia 7193 when H=l. 

That the periodic system of the elements stands 
for somethii^ which is actually based on natural 
physical relations, no one can now be supposed to 
doubt It brings into view a ntunber of &ct8 in 
the chemical history of the elements which would 
otherwise be less apparent, and it does undoubtedly 
support very strongly the idea that all the elements 
included in Mendel^fTs and Meyer's synopsis belong 
to one sjmtem of things, and perhaps have common 
constituents, or may have arisen from a common 
ori^D. Nevertheless, such a synopsis is encumbered 
with some difBculties, which have not yet been satis- 
factorily accounted for. The fundamental idea of 
the scheme is the periodic " law," which asserts that 
the properties of the elements are dependent upon 
their atomic weights. If that were strictly true, 
the existence of two elements having the same 
atomic weight, but different properties, would be 
impossible. Hence the reladous of such elements 
as cobalt and nickel, ruthenium and rhodium, arc 
far &om cletu- in the original table. And even 
if we substitute for the round numbers used by 
Mendel^eff in 1871 the values for the atomic weight 
which result from all the best recorded experiments, 
80 that these coinctdeaces cease to be exact, the 
difficulty still remains that several elements — iron, 
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nickel, cobalt, ruthenium, rhodium, palladium, 
osmium, iridium, platinum — aro not provided for. 
In some cases the pectiliaritiea of individual elements, 
and their relations to others, could never have been 
suspected from their position in the tabla The 
case of thallium is one of the most notable This 
metal has a very strong resemblance to lead, but its 
sulphate, and several other salts, are entirely unlike 
the corresponding compounds of lead, but, on the 
other hand, agree closely in characters with the 
compounds of the alkali metals. Lead itself stands 
in a sinular relation to the metals of the alkaline 
eartha The positions of thallium and lead in the 
table vould scarcely have suggested these characters, 
if these two elements had been previously unknown. 
Helium,- argon, and the rest differ from all other 
known substances, elementary or compound, in their 
extraordinaiy characteristic of chemical inactivity, 
of which no prognostication is to be found in the 
almost innumerable memoirs relating to tJie atomic 
weights of the elements published previously to the 
discoveiy of wgon. It must of course be remem- 
bered, however, that since the discovery of argon 
and helium, the gases of the atmosphere and those 
obtained from minerals have been submitted by 
Ramsay to a special search, with the object of dis- 
covering other elements of intermediate and higher 
atomic weight, and his labour has been rewarded by 
the recognition of neon, kiypton, and xenon, as 
already mentioned. But the endeavour to introduce 
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these new substances into the periodic scheme has 
been but imperfectly successful; for such arran^ 
mmta as the figure of e^ht proposed by Crookes^ 
involve some violence to natural associations, hydro- 
gen, for example, being separated from all the metals, 
and made the first member of a group in which the 
h&logens fbllov. 

Several other ways of displaying graphically the 
relations among the atomic weights have been pro- 
posed, and of these one of the most interesting is the 
logarithmic spiral of Johnstone Stoney, of which a 
new version was produced after the discoveiy of the 
argon group.* 

Another point is worthy of notice in a discussion 
of these figures. The numerical amount of the 
differences observable - between elements which are 
consecutive in the list vary very much. The smallest 
difference appears to lie between nickel and cobalt, 
and to be equal to about 0'29 ; while there are many 
cases where the difference amounts to between 4 
and 6 units or more, as, for example, Cu— Co=4'6, 
Sn-In=4-2, Cs-I=6'89. The point, however, is 
that the transition from the even to the odd series, 
as, for example, from fluorine to sodium, or from 
chlorine to potassium, or from bromine to rubidium, 
is not marked by a difference noticeably greater, or 
less, than is observable in many other parte of the 

> Proe. Has. Soe., 63,406 11898). 

■ Pka.Mag.[aH,tlH190i). Ako/'roc.fioy. &<i.,85,47I{IBII), 
with lemarb b; Lotd lUyleifcli. 
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list of Blements. The ninth aeries in Mendel^effs 
table has been filled up by some of the elements 
derived from the so-called Swedish or rare earths. 
The atomic weights of some of these have been 
determined with sufficient show of probability to 
allow of their finding provisional places in the table. 
Among these may be mentioned praseodymium 
140-6, neodymium 144'3, samarium 160-4, gadolin- 
ium 157-3, terbium 169-2, erbium 167-7, thulium 
168'6, ytterbium 172. But the position of these ele- 
ments in the scheme is still a subject of debate and 
a source of difficulty in the attempt to apply rigidly 
the principle of periodicity. 

From all that bas gone before, it may readily be 
supposed that many speculations have been put 
forward as to the origin of the elements, or in ex- 
planation of their assumed complex nature. Of 
these, one of the most serious, though by no means 
the earliest, is embodied in a paper conunimioated 
to the British Association by the late Professor 
Camelley.' It is typical of a whole group of these 
speculative compositions, but is more carefully worked 
out than many of the rest. The author proceeds 
upon the assumption of ai least two primal elements, 
A and B, which, by their combination in various 
proportions, gave masses approximately equal to the 
atomic weights of the known elements, which are 

^ "Saggeationa u to the caiuo of the Feriodio I^v and the 
Nature of the Chemioal Jtlements." — BritiA Juoeiotvon, 1S6B ; 
Ckenieal Ann, 1886- 
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regarded as analogous to hjrdrocarbon radicles : but 
even this scheme, attractive as it is on the whole, 
requires us to assume for B a negative weight equal 
to something between — 1'99 and — 2-00. It can- 
not be forgotten that ' a somewhat similar device 
■wee the last refuge of the declining theory of phlo- 
giston more than a century ago. 

Th^e seems to be a general dis^tosition at the 
present time to revive and rehabilitate the ancient 
notion of the unity of matter, and its derivation 
from a common protkyl (vp&n}, first ; 6Xti, stuff or 
matter). 

" All thingB the world wkioli fill 
Of but ooe stuff Ar« Bpnn." 

This idea has bewi made the text of an interesting 
address by Sir William Crookes, on the " Genesis of 
the Chemical Elements." ^ It has also for many 
years been the guidii^ principle of a series of re- 
searches, hy Sir Norman Lockyer, on the spectro- 
scopy of the sun and stars. According to Lockyer, 
the elements, as known to terrestrial chemistry, are 
more or less completely dissociated into substances 
of simpler constitution at the high temperatures 
prevailing 'in these bodies and their gaseous atmos- 
pheres. It seems fully established that the greater 
number of the lines exhibited by the spectra of 
common metals, such as iron, calcium, manganese, 
ore wanting in the spectra of the hotter stars ; while 
a small number of such lines remain, accompanied 

' Britiih AiXKiation Rtportt, 18SS. 
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by other linea not recognisable as belonging to any 
known terreatrial element. And when the spectra 
of certain Btara are ranged in the order of what is 
supposed to be ascending temperature in the series 
of stars, there is a progressiTe disappearance of the 
old, and appearance of the new lines, correapondiDg 
to this progressive dissociation. Some experimental 
evidence is needed that dissociation of the elements 
does actually occur at the high temperatures now 
obtainable under laboratory conditions. 

The association of the ultimate particles of 
prothyl must be supposed to be accomplished by 
a process comparable with that which in ordinary 
chemistiy is ctdled "polymerisation." This implies 
the assodaUon together of a number of particles, 
eJementaiy or compound, into groups. No con- 
sideration, based on the extreme minuteness of 
atoms,* need deter us &om admitting such a concep- 
tion, because, after all, what we call eitse, great or 
small, is relative only to the range of human measure- 
ments. The discoveries made within recent years by 
Sir J. J. Thomson and his school, to be described in 
a later chapter, have thrown an entirely new l^ht on 
the structure of atoms ; and it seems that the Bos- 

■ The flitiiaate of Lord Kelvin, Ihoogh Ikmillar, maj be leoolled 
W the T«aolleotioD of the reader ; " Imagine & globe of wftter, ot 
glBM, AE luge as A foobbftll (or m; a globe of 16 oantimetrea dia- 
meter), to be magniflsd np la tbo alEe of the earth, Moh oonaUtaMit 
moleoDle being magni&ed in the sane proportion. The magnified 
■tmctnre would be mont coane-grained th&D a heap of (mall shot, 
but probably lass coaisB-graiDed than a heapof footbalta." — Ltetun 
at Ragal /nri., Feb. 1683. 
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covichian doctrine of centres of force, and the theory 
of vortices, which ve owe to Lord Kel-vin, as well aa 
the Newtonian idea of "massy hard, impenetrable 
movable particles," must all be abandoned as incon- 
sistent with &cts now fully established l^ experi- 
ment. 

In such a position it is the duty and the best in- 
terest of the chemist to preserve a perfectly unbiassed 
mind, and to pursue the safe path of experimental 
inquiry. 

At the same time he may still retain the view that 
although atoms of all kinds have been shown to be 
capable of disint^ration under the stress of electriofd 
forces, the unit of chemical reaction, that is the 
chemic^ atom, has not at present been found to be 
assailable. In all ordinary chemical changes, the 
atoms of which the dimensions and relations have 
been determined by the methods already described, 
do pass from one compound to another and retain 
their independence, and of this the great field of 
stereo-chemistry (Chap. YII) seems to afford sufficient 
and conclusive testimony. 



BIOGRAPHICAL NOTES 

Tbokah Carnkllev, bom in UanchsBter, 22nd October 
1864. IMton Ohamio&l Scholar at Owens College. He con- 
tinued the atudy of ebamMry at Bonn andet Keknle, Zinoke, 
and Wallach. Having been fint ProteMor of Chemiatr; at 
Firth College, Sheffield, in 1882 he paaaed to Dundee Uoiver- 
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K%y College. In 1886 he wm appoinUid to tho Ctuir of 
Clwinutry in tbo Univenity of Aberdeen. 

He died 27tb August 1890, at the early age of thirtj-aix. 

[0Wtu»i7, Jown. Chem. Soc., 69, 456 (1891).] 

JoHAMN WoUQAtio DoiiESMiMU, bom 16th December 1780. 
A pharmaceutical and chemical manufaoturer ; became in 1810 
ProfeHor of Ohamistrj, Phannacy, and Technology in the 
Univenity of Jena. Died S4th March 1840. 

[Poggendorff'a HandwerterbiieK.] 

Lord Eeltin (William Thomson], Int Baron, born in Bel- 
fait, 26th June 1824. He entered the UmTarsitj of Olasgow 
in 1834, and Cambridge in 1841. He was appointed profeeaor 
of Natural Philosophy at Glaagow in 1846. He laid the firat 
Atlantic cable* in 1867-68, and the permanent Atlantic cables 
in 1866. Knighted I860. Oreated a peer of Qroat Britain m 
Baron Kelvin of I«rgi in 1808, He retired fran the profeaaor- 
■hip in 1899. He died 17th December 1907, and was boried in 
Weatminater Abbey. 

[Obitnary notice by Sir Joseph Larmor, Proe. Sag. S«e., 
vol 8lA, Appendix, 1908.] 

Dmitri Itaxovitbch MESClLterp waa bom at Tobohik in 
Siberia on 0th February 1834. With mnoh difficulty he ob- 
tinned hia education in St. Peteraborg, and devoted himaeU to 
the phyaioJ acienoes. In 1860 he waa appointed privat-doetnt in 
the University, but in 1860 he studied under Regnanlt in Paris, 
and aftenrarda in Heidelberg. Returning two years later to 
St. Petersburg, he was appointed Professor of Chemistry in 
the Technological Institute. In 1866 he became Professor of 
General Chemistry in the University. Hii career was more 
than once interrupted in oonsequenoe of pohtical disturbances, 
but he was au active experimenter, and his name is asaoaated 
not only with the " periodic law," bat with valuable eatimatioDa 
of the density of mixtures of aloohol and water and of various 
aqueous solutions. He also gave attention to the nature and 
origin of petroleum. His PrineipUt of Chmtiitry, oontaining a 
development of his views, has bem translated into Bngliah. 

He died Snd February 1007. 
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[Uendal^ff Hemoriol Lecture. W. A. Tilden. Jovm. 

Jnuiis TiOTHAR Heyxb waa born ISth Aogiut 1S30 at Varet 
OD tha Jftde (Oldenburg), In 1861 be began the study of 
medioine at Zilrioh, and two jears later removed to Wiirte- 
buT^, vbere he gimdnatad H.D. in 1854. Having, bowerer, 
deddBd to pursne the scientific aide of pbyijology, he proceeded 
to Heidelberg, and under Bnaien inreatigated the " Oaaea of 
the Blood." After a year and a half devoted to the atndy of 
mathematical pbysioa at Konigsberg, he became privat-dccmt 
in the UniTeraity of Brealau. At this time he wrote his wall* 
known Modernen Theariea der Chemit. la 1866 he became a 
teacher in the (cbool of forestry at Neuatadt-Bberawalde, and 
in 1868 wBfl appointed Profeaaorat the CarlBruhePolytechnicnm. 
In 1870 he auooeeded Fittig in the Cbaii of Gbemiatry in the 
Univeraity of Tubingen. 

He died on the Ilth AprU 189S. 

[Lothar Ueyer Uemorial Lecture. P. P. Bedaon. Joum. 
Chera. Soe., 6B, 1403 (1896).] 

John Aleiandbk Reina Nbwlandb waa bom in Southwark, 
1837. He entered aa a atudent at tha Royal College of Ohem- 
iatry in 1656. He then became aanatant to Way, cbemiat to 
tha Royal Agricultural Society. In 1860 he went ob a volunteer 
under Garibaldi in the war of liberation in Italy, and after the 
ooncloaion of the campaign he began practice as a conaulting 
cbemiat in the city of London. 

He died 29th July 1898. 

[Obituary notice. W. A. T., Italmt, 26tb Auguat 1898.] 

QiosoE JoHHBTOHE Stonet, bom l&th Feb. 18S6. After 
graduating at Trinity College, Dublin, he became for a time 
oaaiatont in Lord Rosa's observatory at Paraonatown. In 1AS2 
he was appointed Professor of Natnral Philosophy in the 
Queen'a University (Galway Collage), and from 1807 to 18&3 
waa BwtnXKty of the same. 

He died in London <m Gth July 1911. 

[OUtnary by J. Jt^, Prot. Jioy. Soc, 66, xz. (l&li).] 
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Joseph John Thomson, Kt., O.M^ F.R.8., Caveadiih Pro- 
fMBor of Ezperimsntal Phjaica, Osiobridge ; Profewor of 
l^yaics at the Rojal iDititution, London. 

Olekbns Aleiahdxr Wihklbr, born S6th December 1838 
at Freiberg (Saxony). He graduated Ph.D. at Leipeig in 1B04. 
In 1873 he was appointed Profewor of Chemiatr; in tha Royal 
School of Mines at Freibei^. Retired 190S. He died at 
Dresden, October 1904. Be introduced the synthatieal proceos 
for roanafacturing fuming aulphoric acid in 18T&, and in 1686 
he diocoTered germanitun. 

[Obituary b; O. Brunok, Her., 39, 4491 (190T).] 
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OEIOIN AND DEVELOPMENT OF THE IDEAS OF 
TALENCT AND THE UNKINQ OF ATOHS 

It has already been explained in Chapter III that 
the discoverj by Dumas of the bet diat chlorine 
may he introduced into orgauic compounds in 
exchange for hydrogen, equivalent for equivalent, 
led to very important changes in the then current 
ideas of chemical combination. Up to that time the 
electro-chemical theory of Berzelius (p. 11) had been 
almost entirely predominant, and, naturally, the 
notion that an electro-negative element like chlorine 
could be exchanged for an electro-positive element 
such aa hydrc^n, without fundamentally fdtering 
the characters of the resulting compound, was com- 
pletely at variance vith the cuions of that theory. 
But facts remain, while theories must be left cither' 
to be adapted to the new state of knowledge, or toj 
be abandoned altogether. In this case the theory | 
has been modified, but even to the present day the 
interchange of negative chlorine and positive hydro- 
gen is a phenomenon which still affords room for 
speculation. 

One important consequence of the establishment 



p:hy Google 



142 THE PBOORES8 OF SClEKTinC CHEMISTBY [OHAP. 

of the &cts of substitution was the inoeptioD of 
the idea of types, a theory which, as remarked by 
WiUiamson many years later, was "the vehicle of 
many aa important discovery," fmd led to profound 
changes in the way of r^;arding chemical combioit- 
tion. A most instructive review of the whole posi- 
tion was given by Dumas himself in 1840.* Se then 
stated clearly that compounds which contun the 
same number of equivalents united in the same 
manner, and which exhibit the aasne fundfunental 
chemical properties, belong to the same ckemictU 
type. 

This view, though opposed by Berzeliua, and at 
first by Liebig, was afterwards supported by the 
latter, who cited as analogous the case of chlorine 
and manganese, which were known in perchlorates 
and permuiganates to be capable of replacing each 
other without altering the crystalline form of the 
salt, adding that " a lecijHXK^l substitution of simple 
or compound bodies, acting in the same way as 
isomorphous bodies, must be regarded as a veritable 
law of nature." 

Dumas' theory of types, then, expressly recognised 
the idea of currangeTaent among tiie constituent par- 
ticles united together in a compound, and he saw, 
and stated clearly, the distinction between the older 
Berzeliao system, which attributed to the nature of 
the dements concerned the principal share in deter- 

■ "UAaolr«*ar laloidesaabatltatioiiE at la thdotie des type*" 
{Oampt. Rmd., 10, 14»). 
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mining the nature of the compound, and the newer 
docbine, according to which the niunber and ar- 
rangement of the atoms (or equivalents, as he called 
them) played the moat important part. Bumaa, 
bowever, does not seem to have perceived so clearly 
that chemical combination in organic compounds, 
that is, in compounds of carbon, is governed by the 
same laws as inorganic compounds ; and save for the 
use which he made of the analogy derived from 
isomorphism, he did not bridge over the gulf which 
then separated organic &om inorganic chemistry. 
Hence, while he spoke of alcohol, aldehyd, acetic 
acid as representing different types, thes^ were not 
referred by him to subshmces of a simpler constitu- 
tion, such as were afterwards employed in the Yimous 
system of Gerhardt, 

The word "radical" or "radicle" has long held 
a place in the language of chemistry, but very 
diSarrat meanings have at different times been 
attached to it Dismissing as unimportant the use 
which was made of this word by Lavoisier, and 
aft«rw9rd8 by Berzelius, we must not omit to recall 
^e fact that in 1632 it received a very definite 
^plication in consequence of the discoveries of 
Libbig and Wohler. In that year* the two great 
Gramao chemists showed that bitter almond oil, 
benzoic acid, and many substuices derived from 
litem, m^ht all be represented as compounds 

> " 0Dtemohtmgeu Uber daa lUdloftl der BeniocsiiarB " {Liebifft 
111. 219). 
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of one and die same radicle, benzoyl, C,,HjO, (C=6, 
0=8), thuB: 

Hydride of bamo^l 

(bitter almond oil). 
Oxide of beiiBDfl . 

(faansoic anhydride). 
Hydtated oxide of bensoyl 

(bsDsoio add). 
Ohloride of beiiEoyl .... O^H^OgCl 
Hydrate of bensoyl .... C^H^O^O 

(beoEoic ahwhol). 

Henceforward it became the object of many 
chemical investigations to separate and isolate com- 
pounds of this kind, which seemed to play the part 
of elements, and the recognition of which served as 
the basis for the definition by Liebig and Dumas of 
organic chemistry as the chemistry of compownd 
radicles, while inorganic chemistry was the chemistry 
of elementary or simple bodies. One of the most 
notable discoveries resulting from such investigations 
was the discovery of ethyl by Frankland in 1848. 
This substance was obtained by the action of zinc 
upon ethyl iodide, from • which compound it was 
originally supposed that the metal simply withdrew 
the iodine, setting the ethyl free. The gas thus 
obtained was for some years supposed to be the true 
radicle of ether and alcohol, which were respectively 
considered to be its oxide and hydrated oxide : 
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• ■ C,H, 


(0-6) 


Ether . 


. . C,H,0 


(0.8) 


AUwhol . 


. C,H(OHO 
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It turned out, hovever, that this compound really 
Qontuna in the molecule double these proportions of 
carbon and hydrogen, and is therefore more cor- 
rectly expressed by the formula C^Hj-C^Hj, or CgHj^. 
(C=8, 0=8.) 

A corresponding revision awaited many othera of 
the isolable radicles, so soon as the law of Avogadro 
came to be applied to the adjustment of molecular 
weights. Cytmc^en, for example, was not mmpty 
CjN, but (G^)^ Kakodyl, in like manner, die- 
covered by Bunaen in 1839, affords another example 
of a well-defined radicle, which, by union with 
oxygen, aulphiu-, and the halogens, affords a long 
series of compounds. At first, fmd for many years, 
r^)resented as (0,H,),As, that is, as arsenious 
methide, containing two equivfdents of methyl, it 
was afterwards proved to have double that mole- 
cular weight. 

Oradually, then, it began to be recognised that a 
" radical " was nothing more than a group of symbols 
which represented a constituent common to a series 
of compounds, but not necessarily capable of existence 
in the free or isolated stata In place of "radical" 
Gerhardt introduced the word residue, defining its 
application to those portions of a compound which cui 
be transferred to another compound by the process of 
double decomposition or exchange, and which are not 
necessarily capable of being isolated. Accordingly, 
H, CI, or HOj would be entitled to rank as a radical or 
residue equally with groups such as benzoyl, C^Jlfi^ 
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The cla8sifioation of knoim carbon compoonds, 
which in a few years had become very uumeious, 
was now a matter of urgent necessity. A system 
baaed upon the recognition of radicles Uke methyl, 
ethyl, benzoyl, &c., had been attempted by IJebig, 
but without full sucoeBs, partly because the roUtions 
of many of the newly discovered compounds were 
obscure, and partly because each series was inde- 
pendent and isolated from all others. 

The existence of a relation among the suocessiTe 
membets of the series of alcohols was first pointed 
out by Schiel in 1842, and a corresponding rela- 
tion having been detected by Dumas among the 
btty acids, Gerhardt called them "homologous" 
series. Such a series includes compounds of the 
same chemical character, the succeadve terms of 
which increase by an addition of C^H, (C=6) or 
CHj (C=12), this addition being attended by cor- 
responding rise in the density, boiling point, and, 
frequently, in the melting point The artangement 
of carbon compounds in homologous series is one 
which has stood the test of time, but at the period 
now referred to few such aeries were known, and 
these usually imperfectly. 

A remarkable effort to bring some system into 
the chaos then existing was made by Auguste 
Laurent, whose views were first embodied in a 
memoir published in 1844,* but afterwards in a 
more elaborate and extended form in a volume 

> "Ctaarillcatlon Chimique" (tSmipl. Katd., 19, JOKP). 
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which appeared in English only after his death.^ 
In this system Laurent supposed every organic 
compound to contain a nudms composed usually of 
carbon and hydrogen, and from this fundamental 
nucleus derived nuclei could be formed by substitu- 
tion) Thus upon the nucleus, C^H^ called etherene, 
acetic acid, C^H^-fO^, was formed, and from the 
derived nucleus chloretherene, C,(H,C1), chlonicetic 
acid, C^HjCl-t-Oj, was fonged. Laurent represented 
all organic compounds as containing an even num- 
ber of atoms, and h^ice was led to employ for many 
compounds formulse which were the double of those 
conmionly received. The nucleus theory, though in 
reality a sort of extension of die theory of radicles, 
was practically of little use, and was adopted as the 
basis of classification of organic compounds only 
in one notable book, namely, in Gmelin's well- 
known and comprehensive Handbook of Orgcmic 
Chemu^ry. The writings of Laurent, however, 
must have had a great influence upon the chemical 
thoi^ht of his day, and even now there are pages 
in his "Chemical Method" which afford refreshing 
and instructive reading. 

But though the theoiy of nuclei did not provide 
the system of classification so urgently needed, 
especially for organic compounds, it happened fortu- 
nately for the [n^)gres8 of science that the young 
Laurent became associated with a still younger col- 

' Tmielatod by Odliog, 1866 {PitbUeation* of tie OavendUk 
Sodtty), Qiideitb« (iUe "Chemioal Method." 
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league, Oh&rles Qfirhardt, who joined him in oppom- 
tion to the duaUstic syBtem of BerzeUiu. Gerhardt's 
scientific career may be said to have begun vben in 
1842, at the age of about tventy-six, he published 
an important aeries of papers on the classification of 
organic substances.^ Here he examined the founda- 
tion of the system of equivaleDts then in use, and 
shoved how a great simplification might be effected, 
while reducing the whole system of fbrmute to a 
common standard, as already explained (Chap. III). 
Laurent finally adopted Gerhardt's system of for- 
mulae, and made use of it in his " Chemical Method." 
According to this system the formula of each sub- 
stance represents ihat quantity of it which, in the 
state of vapour, would occupy two volumes, the unit, 
volume being the space occupied by one part by 
weight of hydrc^en gas at standard temperature and 
pressure. Hence, the formulte of the compounds 
Ha, H,0, NH„ COj, CjHeO, &c., represent two 
voliunes, while to express the same bulk of the 
elements and radicles H, CI, CgH,, CN, &c, these 
atomic symbols must be doubled thus : 

HH or Ht, Old or Cti, 0,S^OtHg or (C,H^ CNON or (CNV 

The problem involved in the clasafication of 
organic compounds was not, however, yet solved. 
It required a better knowledge of the relations and 
properties of many compounds, which was only to 

' " Ueber die Chomisobe Cluiifloation dar Ois»Kitoheii Sab- 
■tanien" [Brdmftnn'H Jour./. PrakL Chrmic, 1842-43]. 
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be obtained by further experimental iovestigatioiis. 
To these lAiirent and Gerhardt botli contributed 
their full share: Laurent more especially by his 
work on the hydrocarbon naphthalene, and the 
QumerouB derivatives formed from it and from other 
compounds by the action of chlorine ; Gerhardt by 
his discovery, though much later, of secondary and 
tertiary amides, and of the anhydrides of acetic and 
other acids. 

The next important step appears to have been 
taken vhen in 1849 Wurtz,* in studying the action 
of potash on cyanic and cyanuric ethers, was led to 
the discovery of the compound ammonias. 

Many vegetable matters vhich possess strong 
physiolc^caJ properties have long been known to 
owe their activity to the presence of definite crys- 
talline or volatile liquid substances, which have the 
property, in common with ammonia, of combining 
with acids to form salts. Thus opium contains 
morphine and other similar compounds, Dux-vomica 
contains stiychnine, cinchona bark quinine, while 
tobaccH> yields nicotine. In consequence of this 
bouc property these active substances were long 
ago called alkaloids. So far back as 1837, Berzelius, 
applying to these substances his own views con- 
cerning chemical constitution, expressed the opinion 
that they consisted of ammonia, which gave them 

* " Bur ODO Sine d'alcalia orgsniqaeB homologaeB avsc runiDOii- 
isqae"(Cba^ JInui., Sg, 223, IMS); " lUoherohes lur 1m ammoii. 
iaqOM comptwjs" iCompl. Bind., 29, 169, 1IM9). 
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their basic character, united with a "conjunct" 
composed of carbon with hydrogen or oxygen, by 
which the character of the ammonia was modified. 
On the other hand, Liebig in 1840 had expressed 
the view that if " we were able to replace by amid- 
ogen the oxygen in the oxides of methyl and 
ethyl, in the oxides of two basic radicle we should, 
without the slightest doubt, obtain a series of com- 
pounds exhibiting a deportment similar in every 
respect to that of ammonia. Expressed in sym- 
bols, a compoimd of the formula C4HgHpf=EAd 
would be endowed with basic properties." 

Wurtz regarded ammonia as a link between in- 
oiganic and organic chemistry, and su^eated that 
if it contained carbon it would be considered as the 
simplest representative of the organic bases. In his 
newly discovered bases, CjHjN, and C^HjN (C=6), 
he saw organic compounds which might be viewed 
according to the hypotheses just explained, either 
as methyl ether, CjHjO, or common ether, C,H,0, 
in which 1 equivalent of oxygen was replaced by 
' 1 equivalent of amidogen, NHj, or as ammonia, in 
which 1 equivalent of hydrogen is replaced by 
methyl, CjH„ or ethyl CJi^. 

The following formulae show these relations : 

HjN Ammonu, or NH^H Hjdmnide. 

CfH^ Methyl AmmoDia, or SUfi^^ Heth;Umide. 

0,H^ Ethyl ammonia, or NBtC,He EthjUmide. 

He adds, "Je me servirai de pr^f^rence des mots 
methylamide, ethylamide," but in the second paper 
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he at once lueB, without pre&ce or explan&tion, the 
tenofi TRotkyla/mvne, ethylamvne, vdUramiae, to 
which W6 have been so long ftccustomed. 

Hera, then, it is evident that the great question of 
chemical " constitution " was beginning seriously to 
occupy the attention of chemists. Indeed, there is 
proof that this problem must have arisen already, 
for the theory of compound radicles introduced by 
Ijebig and Wohler in 1832, and publicly promul- 
gated by Dumas in 1887,* and the still earlier 
amvmoniwm, theory of Berzelius, all implied, if they 
did not ezpUcitly declare, that distinct functions 
were performed by the different elements composing 
a given compound. In a paper* of Ho&nann'a a 
year before Wurtz's discovery, the following passage 
occurs in reference to the constitution of alkaloids : 
"A relation between the nitrogen and the satu- 
rating capacity remained extremely probable, and 
chemiste now commenced to assume the nitrt^en 
as existing in these bases under two forms. In 
almost all cases that portion of this element to ' 
which the basic properties were referred was be" 
lieved to be in the form of amidogen, ammonia, or 
oxide of ammonium, while the views reepactong the 
other portions were (or the most part less decided." 

Later on, in his memoir on the action of cyanogen 
chloride, bromide, and iodide on aniline, he expressed 
the view that it is "exceedingly probable that the 

' (knjit. Rtnd., 5, S67; Brit. An. Rep. 
■ (imart. Joum. Cktmi. Boc, 1, US (1U9). 
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otganic bases are indeed conjugated ammoQia com- 
pounds." This view, however, he soon modified, for 
almost immediately afterwards, in discussing the 
results of experiments made with the object of with- 
drawing the elements of water from oxalate of aniline, 
and so obtaining a nitrile corresponding to i^anogen, 
he remarks that "the impossibihty of obtaining 
an anilo-cyanogen throws some doubt on the pre- 
existence of ammonia in aniline. It is probably 
more in conformity with truth to consider aniline 
as a substitution product, as ammonia, in which part 
of the hydrogen is replaced by phenyl." The ethyl 
and methyl derivatives of aniline were then pro- 
duced by the action of ethyl and methyl bromidas 
on aniline,' and shown to have the relation to aniline 
which has ever since been recognised, and which Is 
displayed in the following formulse : 



H In 
h] 



KthriuiiiDi. 

o,h,In 



Here, then, was a definite recognition of ammoni& 
as a type, upon which was modelled, not only the 
new artificial compound ammonias, ethylamine, 
methylunine, and the rest, but all nitrt^en com- 
pounds posses^g basic properties. The acknow- 
ledgment of the type anunonia was followed very 
soon by a corresponding scheme for bringing into 
one class the numerous and very various compounds 

> Ckmpt. Rtnd^ 29, 1S4 (lM9i. 



p:h»Google 



V] THE WATER TYPE 153 

known as salts, together with a number of other 
substances containing oxygen. This conception we 
owe to Williamson. In 1851 he wrote as follows: 
*' I believe that throughout inoigauic chemistry, and 
for the best known organic compounds, one single 
type will be sufficient — it is that of water, repre- 
sented as containing two atoms of hydrogen to one 
of oxygen, thus — gO." ' In the course of this paper 
he gave the following formulte : 

Potaih ^0 

Oxide of pot&uitini .... gO 

Methyl alcohol - (^ '^ 



Ethyl kIcoIioI . 
Acetata of potash . 



C,H." 



Anhjdroua acetic acid .... nfufo^ 

Nitrate of potoali '^'^O 

Ohlorww add *]^0 

Chloric add ^'^'O 

Perchloric add '^^*0 

bi many cases, however, a multiple of this fbr- 
mtilo, qO, must be used, aa in expresang the com- 
position of bibadc acids fmd salts like carbonates, 

■ " Oomtltntion of Salta" (Cftnn. Oax., ISSl.and Q<mrl. Joan. 
Chan. Sd^., 4. 1HB2, SCO). 
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sulphates, oxalates. He then explained the action 
of potaah on cyanic ether discovered by Wurtz, and 
expressed the change by the foUoving diagram : 

0, 0, 



sa - '-* 



CO <H,) 

N N 

" One atom of carbonic oude is here equivalent to 
two atoms of hydrc^en, and, by replacing them, holds 
together the two atoms of hydrate in which they were 
contained, thus necessarily forming a bibasic com- 
pound v Oj, carbonate of potash." This passage is 
especially noteworthy, for, if not the very first, it is 
one of the earhest definite expressions of the idea of 
linkage ; that is, of two portions of the same mol&- 
cule being held together by the agency of an atom 
or group of atoms which serves as a link between 
them. 

Not long afterwards Williamson ^so discovered 
what he called tribasic formic ether, which was ob- 
tained by heating together chloroform and sodium 
ethylate. 

OH CI + NbOCCSj = OHJOC^ + OTaCl 
Cl NaOCjHj l0C,H, 

Here manifestly the residue, CH, of chloroform 
links together three residues of alcohol, OCjHf, and 
combines them in one molecula It is true that 
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about 1839 Gerhardt had introduced the use of 
the term "copulated" or "conjugated" as applied 
to certain compounda, such as the product of the 
action of sulphuric acid upon benzene or upon benzoic 
acid, in which sulphuric acid cannot be rec(^nised 
by the usual tests, and was therefore supposed to 
be in a state of more intimate union than is found 
in the sulphates. Berzelius also adopted the same 
expreasioD, but with a somewhat different meaning, 
for he seems to have applied the term " copula " to 
neutral or passive substances supposed to be asso- 
ciated with an active body. Thus acetic acid was 
T^arded by Berzelius as owing its acid properties 
and chemical activity to oxalic acid, but united with 
the copula methyl Evidently these ideas are en- 
tirely different, and the copula of Berzelius did not 
connote, as the word might seem to imply, the idea 
of fiolding together two things which would otherwise 



The idea of classifying according to types, then, 
belongs to Dumas; but for the extension of the 
idea and modifications by which it was converted 
into the really serviceable system which it con- 
tinued to be for many years, it needed the co-opera- 
tion of many active minds. We have seen how 
Williamson introduced the water type, and how the 
discoveries of Wurtz and of Ho&nann led to the 
establishment of the ammonia type. A large 
number of compounds remained, however, which 
these two substances, water and ammonia, scarcely 
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seemed to repreaent. Oerhtirdt therefore added 
the hydrochloric acid type and the hydrogen type, 
and in the fourth volume of his celebrated TraiU 
de Chvmie Orgeunique he supplied a tabular scheme, 
showing at a glance how these four types might 
be made the basis for a system of classification. 

To these, as more appropriate to the compounds 
of carbon, Kolbe added the carbonic acid_tjj»ei_bjit 
haMwt^' thflMioijMe wtluflj/iS, to aax^n, widle Jie 
/WHHod /t he ^ui y &sayyaXu^/k, {pt^^y^m^iLjM^ 
,tn/ft^ii Ci^'am fmvi6 formula, Cp^, which he used 
for tfie type, represented the oxygen as diviable into 
four equal parts, whereas there is do reaaon for 
believing it to be divisible into more than two 
parts. The marsh gas type, CH^ introduced a litde 
later by Kekul6, was of &r greater importance. 

Further, in 1854 Williamaon showed that by the 
action of ph(»pborus pentachloride on sulphuric 
acid a compound is formed, which may be regarded 
as formed on the conjoint or Ttiixed type of hydro- 
chloric acid and water by the inbroduction of the 
residue SO^ in place of two atoms of hydrogen, one 
derived &om each of these compounds, thus : 



SO, 



This chlorhydrin of sulphuric acid, or chlorhydtated 
sulphuric sxiA, evidently owes its existence to the 
property possessed by the SO, of binding together 
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the CI and the HO, thus retaming the properties of 
a chloride joined to those of a hydrate. 

In like manner sulphuric acid itself contains the 
radicle SO^ which in this compound holds together 
the residues of two molecules of water. Hence, to 
represent it, a oondemaed type must be asaumed in 
wluch two molecules of water are concerned, thus : 

Type H ) Solphoric Acid H ) 



A similar condensed type must be used to repre- 
sent such aoids as phosphoric and arsenic acids,* 
and compounds such as glycol ■ and glycerin,* which 
are not acids but are alcoholic in character. 

' Orafaam tn 18S3 flnt demonstrated the trns natare ot arsenic 
«ad pfaoapborio acida, and so laid the fonndatloQ ol the idea of tlie 
" bMlcItf " at aolds. The followInK fDrmolas show the oompoBitioa 
or the [dioiphano acids, accoiding to the bloar; sjaten, nsiog aqni- 
valeoU, and for ooaiparison the anitary formuln, nsltig atomic 

OTtbapb(M[Aario add . . . PO^HO HjPO^ 

FTTopbiwphorio add . . . POi2H0 ^^fii 

HdapluMpborio add . . . P0,H0 HFC, 

See Alembic Oni StpriiO*, Ho. 10. 

' OI7C0I was diMSOrered by Wortt in 1856, as a remit ot tlie 
appUoatioD of the theory of oondeased typee to a oonsfderatioD of 
tbe ease of glyoeriii. — " Sar le QI700I oa alcool diatomiqne " {Cimpt. 
Bend., IS, 199). 

* "Bertbelot was the Ant to demonstrate tbe tnie natare of 
glycerin as an alooholio body capable of interacting wltb three 
mcdMnles ot auoh acids as aoetio and palmitic."— J nn. CAim., 41, 266 
(1864). 
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.f^[o 



In such compoundfi as these three residuea of water 
BX6 linked together in one molecule l^ the multi- 
valent radicle. 

But while adopting the idea, Qerhardt imposed a 
strict limitation upon the signification of the word 
type, as used in his aystem. For, while the hypo- 
thesis of Dumas implied that compounds grouped 
together were composed of elements arranged in a 
similar order within the molecule, Qerhai^t insisted 
that any knowledge of what we should now call 
" constitution " was inaccessible to experiment. The 
four substances selected by him as types, namely 
water, hydrogen chloride,, ammonia, and hydrogen, in 
equal volumes in the state of gas, tiiat is, HjO, HOI, 
HjN, and H^, he called types of dovMe decom- 
position} Water, for example, in a great variety 
of transformations, can exchange its hydrogen or 
oxygen for other elements, ^ving rise to all the 
innumerable oxides or sulphides appearing as bases, 
acids, salts, alcohols, and so forth. 

It is difficult for us now to understand why 
Gerhardt insisted so strongly upon the distinction 
which he thought he saw between the significance 

> TraiU de Chin. Org., totne n. 286. 



p:h»Google 



V] OBOANO-UBTAIXIO OOHPOUKDB 159 

of his ovn type formuls and thoee of Dumaa. For 
wheaa substitution occurs it must be assumed, aooord- 
it^ to either ^tem, that the radicle which is intro- 
duced, -whether elementary or compound, takes the 
same pkce as the hydrogen or other element which 
is removed. So that, although it might be asserted 
that nothing w&s known, for example, of the arrange- 
ment of the atoms in a molecule of water, whatever 
that arrangement might be assumed to be, it would 
be maintained in the molecules of all the substances 
which aze fitirly to be r^arded as derivatives of water. 

In the meantime, however, &cts were being accu- 
mulated in other directions, which subsequently 
served a most important purpose in the develop- 
ment of the ideas of more modem times in reference 
to constitution. As already mentioned, Frankland 
discovered in 1848 the compound which was re- 
garded by all chemists of that time as the free 
radicle ethyl. In the course of the investigation 
it was discovered th&t the zinc does not only com- 
bine with the iodine, setting the ethyl free, but that 
it also combines with a portion of ethyl, producing 
a definite compound possessed of very remarkable 
properties. Zinc ethyl, or zinc ethide, ZnC^Hj, or 
in modem symbols, Za(C^)^ was the first of a 
long series of "organo-metallic" compounds, the 
majority of which were prepared uid examined by 
Frankland himseli Writing on the subject many 
years later, he says : > " I had hot proceeded for in the 

> " ExperimentB] BeeeuobM" (oollKtod 1S77), p. 146. 
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investigatioii of theae compounds, before the &cta 
brought to light began to impress upon me Uie 
existence of a fixity in the maximum combinii^ 
value or capacity of saturation in the metallic ele- 
ments which had not before been suspected. That 
stannous ethide refused to combine with more thiui 
the complementary number of atoms of chlorine, &c., 
necessary to form a molectde symmetrical with 
stannic chloride surprised me greatly at first; but 
such behaviour in this and other organo-metallic 
bodies scarcely permitted of misinterpretation. It 
was evident that the atoms of zinc, tin, arsenic, 
antimony, &c., had only room, so Co speak, for the 
attachment of a fixed and definite number of the 
atoms of other elements ; or, as I should now express 
it, of Uie bonds of other elements. This hypothesis 
constitutes the basis of what has since been called 
the doctrine of atomicity or equivalence of elements, 
and it was, so fai^as I am aware, the first announce- 
ment of that doctrina" This statement is justified 
by reference to the original paper • (dated May 10, 
1852X in which occurs a clear expression of the 
view, that in the several compounds of a given 
element, " no matter what ths chm-acter of iJie v/nitvng 
atoms may he, the cojnhiniTtg power of ike attracting 
dement, if I may be allowed the term, is always 
satisfied by the same number of these atoms." In 
other words, the combining capacity of an element 
does not depend upon the nature of the atoms with 

> PhiL Trmt., 143, 417. 
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which it 18 united, but is determined hy the special 
character of the element itsel£ 

It appears, then, that while the distinction be- 
tween univalent and multivalent atoms and groups 
of atoms was first perceived by Williamson, we owe 
to Franklandj^e first enunciation of the doctrine 
that^each atwn possesses a capacity for combination 
peculiar to itself, and usually limited according to a 
definite rule, v' 

At this time and henceforward for some years 
chemists were much occupied widi the business of 
rauging compounds, old as well as new, under their 
appropriate types, with the natural result that much 
wrangling ensued upon questions which, when 
answered, seemed to lose their importance. To 
what type, for example, should such a compound 
as nitrous oxide be referred — to the water type or to 
the ammonia type ? Or, again, should chloroform 
be regarded as a derivative of condensed hydro- 
chloric acid, seeing that in its want of reactivity 
with silver salts it gave no sign of being a chloride t 
Gradually it became obvious to all, that the system 
of types was a merely artificial scheme of classifica- 
tion, as Gerhardt himself had pointed out long ago : 
"Comme je I'ai souvent dit, mes radicauz et mes 
types ne sont que des symboles, destine k concr^ter 
en quelque sorte' certains rapports de composition 
et de transformation." > 

But though types of themselves could serve only 

' Traiti, tome iv. 611. 
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a temporary purpose, and afford merely one point 
of view, the ideas which arose out of their employ- 
ment were of the utmost importance ; for, as we have 
seen, they led to the notion of atomic combining 
power, or "atomicity," and from this sprang the 
doctrine of the linkage of atoms and modem views 
as to chemical structure. For this immense stride 
in advance the world is indebted chiefly to the writ- 
mgs of Kekul^. The question whether the credit of 
initiating the idea of atomicity or valency belongs to 
this chemist need not now be discussed, notwitbstand- 
it^ the claim which he put forward some years later,* 
inasmuch as it has already been shown that the 
idea was first conceived Eind expressed by Frankland 
in 1852.' Kekulij, however, deserves to be regarded 
as the founder of modem stmotural chemistry, inas- 
much as the linkage of carbon to carbon is first 
clearly set forth in his paper " On the Constitution 
and Metamorphoses of Chemical Compounds, and on 
the Chemicfd Nature of Cajbon," published in 1858." 
In this paper he pointed out that the disposition of 
the atoms constituting a radicle can be represented 
after sufficient study of its reacUons, and in the 
case of carbon by a study of the compounds of that 
element. If we consider the Amplest compounds of 
carbon, CH., CHgCl, CC1„ CHClg, C0„ COClj, CSj, 

> " Sol I'atomlcJU des elements " {Conpt. Send., SS, 610, IHM). 

' Tbis point has been very carefully diaousaed by PiDteanor Japp 
la the " Kekal6 Hemorial Leotnre " {Jaum. Chem. Sue., 73. lOS-120, 
189S). 

) Ueblg*! Amuiim, 106, 129, 
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CNH, &C., it is obvioua, he says, that " the sum of the 
ohemical unita which are combined with one atom of 
carbon is equal to 4. ... In the case of aubetances 
which contain several atoms of carbon, it must be 
assumed that some of the atoms at least are heJd in 
the compound in die same way by the affinity of 
the carbon, and that the carbon atoms themselTes 
are united together, hereby, of course, a part of the 
affinity of one ie combined with an equal part of the 
affinity of another. The simplest, and therefore the 
most probable case of such a union of two carbon 
atoms, is that in which one unit of affinity of one 
atom is combined with one unit of the other. Of 
the 2x4 units of affinity of the two carbon atoms, 
two are employed in holding the two atoms together ; 
there remun, therefore, six which may be united with 
atoms of other elements. In other words, a group 
of two atoms of carbon, C, is sexvalent; it may 
form a compound with six atoms of a tmivalent 
element, or generally with so many atoms that the 
sum of the chemical units of these is six. (Examples : 

c^oca, O^Op &a) 

" If mote than two carbon atoms unite in the same 
way, the bamcity of the carbon group is increased by 
two units for eadi additional atom. The number 
of atoms of hydrognt (chemical units) which are 
united in this way with n atoms of ciubon, may be 
expressed as follows : 

n(4-2)+2-.2»+2. 
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Suppose n=6, the baracity is therefore 12. (Ex- 
amples: C(Hi^ CbHuQ, OjHijClj, C,IVf, &c.) So 
&r it has been assumed that all the atoms associ- 
ated with the carbon are held by the affinity of the 
carbon. It may just as well be conceiTed, that in 
the case of polyatomic elements, 0, N, &&, only a 
part of the affinity of tliese, only one of the two 
units of the oxygen, for example, or only one of ^e 
three units of the nitrogen, is combined with die 
carbon; so that one of the units of ^^ty of the 
oxygen, or two out of the three units of ^nity of 
the nitrogen, remun over, and may be united with 
other elements. These other elements are thus only 
indirectly combined with the carbon, as indicated 
by the typical manner of writing the fbrmube : 

-}„ -3|. -}o IJ. 

Similarly, by means of the oxygen or the nitrogen, 
different carbon groups are held together." 

Further on he refera to (he fact that while in a 
very large number of organic compounds such simple 
combination of the carbon atoms may be assumed, 
others exist which contain so much carbon in the 
molecule, that for them a closer combination of the 
carbon must be supposed; and then he mentions 
benzene and its derivatives and homologues, as well 
as naphthidene, as examples of compounds richer in 
carbon. 

ZiOokiog at the position of Gerhordt's system of 
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types of double decomposition about this time, it 
is clear that the chief advance which had been 
made resulted from the rect^nition of multivalent 
radicles, and the power th^ possess of linking 
together two or more residues or radicles. As to 
typical formula themselves, though so ' recently in- 
troduced, their importance was already diminishing ; 
for "typical formulae being representations of reac- 
tions, it follows that if a substance affords two or 
more distinct kinds of reactions, either of formation 
or of decomposition, it may be consistently repre- 
sented by formulffi deriving from a coneaponding 
number of distinct types." ^ Hence in a rational 
formula of tJie highest possible d^ree of generality, 
Uiat is, one which would express all the possible 
reactions of a body, the constituent radicles must 
be reduced to the greatest possible simplicity — they 
must, in &ct, be reduced to their elementary atoms. 
Such a generalised type formula becomes equivalent 
to a modem constitutional formula. KekulS himself 
seems for some time to have hesitated to accept the 
ftiU consequences of his own conclusions, for while 
in the paper just quoted he definitely proclaimed 
the quadrivalent character of carbon, and showed how 
the atoms of this element might combine together, 
he was writing in his famous Lehrfntch' "that 

' See Brituh At$iic{ati<m Repori on the '* Recent Pn^reu and 
Freest Bute of Organlo Ohemutrj," bj O. C. Foefcer (A«port loT 
18G9. p. 1). 

■ LthrbveK dtr Orgmumkm ChtmU oder der Cltemit dtr KMmU^- 
^L167. 
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rational formube are only formulra rqrroBentii^ the 
reactaona and not the constitution of a body ; they 
an nothing more than expressions for the meta- 
morphoaea of a body, and a comparison of different 
bodies, and are in nowise intended as an expression 
of the constitution, that is of the amu^ment, of 
the atoms in the actual substance." The reasons 
he goes on to express for this hesitating position axe 
not quite satisfiictoiy. 

Almost at the same time, however, another young 
chemist, A, S. Couper, in a paper which appeared 
in all the chief chemical Journals, put forth inde- 
pendently quite mmilar views as to the peculiarities 
of the element carbon, and by using a system of 
graphic formulie had even gone a step &rther. 
Couper showed, in the coarse of his paper, that the 
quantity of cwbon represented by Cj (C=6) is never 
divided during chemicfd chaises ; hence he remarks : 
"It is only consequent to write, with Oerhardt, C, 
simply as C, it being understood that the equivalent 
of carbon is 12." ^ In consequence of peculiar views 
of bis own, however, he retains = S, and hence all ' 
his formula contain Oj, or 0...0 in place of O, but 
otherwise the^ resemble modem structural formula. 
As Couper's graphic formulee are the first symbols 
of the kind, and are ao remarkably like those in 
common use at the present day, they deserve to be 
kept in remembrance. Qne example will suffice ; 

* A. 8. Ooaper, "Sar ane noavelle tbMile oblmiqne" {Aim, 
Ohitn., 63, 469 ; PkH. Mag. [1], 16, 1(H). 
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propyl alcohol, C,H,0, ho expressed by the follov- 
ingschrane: 

C'./.H.' 



..OH 



This was in 1868; in the foUowii^ year Kekul^'s 
Lehrbuch appeared, and in a footnote (p. 160) he 
introduced a system of graphic fbrmule, in which 
the basicity (i.e. valency) of eadi atom is expteased by 
the size of the symbol in the following manner : 



X^ 




KekulS thought it necessary to state in a foot- 
note that by these symbols the aio of the atoms 
is not intended, but only the respective number of 
chemical imits of each element Symbols somewhat 
similar to these were afterwards used by Naquet 
and other writers. 

Little use of these methods of notation was, how- 
ever, made for some years, but a system was intro- 
duced in 1865 by Professor Crum Brown, which 
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with alight modification has stood its ground and 
served a valuable purpose. The symbols explain 
themselves, but the author thought it advisable to 
state that by them he did "not mean to indicate 
the physical, but merely the chemical position of 
the atoma" ^ The formula for ethane, as an example, 
ilia system as follows : 



^866 Frankland adopted practically the same 

, merely omitting the circles round the symbols 

elements, and henceforward graphic formuhe 

freely into general use. By this time the 

te of atomicity or valency was fully estab- 

and the reluctfuioe which was at first felt 

ly to use any kind of symbol which seemed 

rgest, even remotely, a pictorial representation 

lolecule, gradually wore oflF, in proportion as 

became general in the linking of atoms in 

order as a necessary consequence of the 

ne of atomicity. 

<m this time forward chemical theoty has ad- 

upon the same road, and mechanical ideas 

istitutioD have more and more permeated the 

of chemists as to the mutual relations of 

Ically united atoms. This will be developed 

wne extent in a later chapter, in which the 

> Joum. Chan. 3oe., 18, 232 (186S). 
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principlea of "stereo-chemifltry" are set forth, but 
the subject cannot be relinquished at this point 
-without a brief reference to one important con- 
quence of Kekuli's further study of the question. 

The story carries us l»ck to about 1825, when 
Faraday, in examining the volatile liquid which was 
wont to collect in the receivers then in use, contain- 
ing compressed oil gas, discovered benzol, or as it is 
now written, benzene} The same liquid was obtained 
by Mitscherlich in 1833 as the sole volatile product of 
the distillation of benzoic acid with lime, the elements 
of carbon dioxide being abstracted from the acid 
and retained by the lime in the form of carbonate. 
Benzoic acid itself was at that time known chiefly 
as a constituent of a fragrant medicinal resin ob* 
tained &om a tree, the 8tyrax benzoin, growing in 
Sumatra. Hence the name of the new compound, 
which Faraday had analysed and shown to consist 
of carbon and hydrogen. Coal-tar naphtha was not 
investigated till about 1847, when Mansfield fbtmd 
in it a more abundant and convenient source of the 
new hydrocarbon, which henceforward was always 
manu&ctured from Uiat liquid. Mitscherlich had 
discovered that by mixing benzol with strong nitric 
acid a peculiar aromatic-scented volatile nitro-com- 
pound was formed, and this, in 1842, the Russian 

* TUaianottobe coDfoiiiid«d with the volatile mixture o( liquid* 
knowD u beiaine ox benioline, diatilled from the Hghteit puts of 
petroleam, and which consiata of hydrooajbona of the paiafBn aeriea, 
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chemiBt Zinin converted by means of anmionium 
sulphide into the liquid which has long heen knovn 
as aniline, and which has since hecome famous as the 
material from which the earliest of the artificial dyes 
were produced. B^izol, or benzene, contains carbon 
and hydn^en in proportions which are moat simply 
represenbed by the formula CH ; but the density of 
the vapour as compared with that of hydrc^n, is 
auch that the molecule must be expreased by sax. 
times this formula, or C^H^ This compound is the 
first term of a series of hydrocarbons, of which we owe 
to the labours of Mansfield the discoveiy of several 
member which stand in the relaUon of homologues 
to benzena Thus we have : 



0,H, 

Toluene 0,H, 

Xylene Cfi„ 

Oumene ^fia 

Cyinene (^wHut A(>> 

Some years later Fittig and Tollens proved that 
all these hydrocarbons can be formed from benzene, 
by the substitution of methyl CH^ ethyl CjH^, and 
so forth, for one or more atoms of hydrogen in benzene, 
and they supplied a method by which this exchange 
can be actually effected. It soon became obvious that 
these compounds stood in some very intimate relation- 
ship towards essential oil of almonds, essence of cinna- 
mon, essence of cununin,imd other fragrant ot aromatic 
compounds, among which could be counted hydro- 
carbons, alcohols, aldehyds, acids, &a Further, it 
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was recf^nised that these aromatic compounds pre- 
sented certain chemical characteristics which dis- 
tinguish them from the corresponding series derived 
&om &ta, and the acids, &a, connected with them. 
And thus carbon compounds b^;an to be ranged under 
th^ two great divisions of Fatty and Aromatic com- 
pounds, which are still to some extent recognised. 
These &cts were by 1865 sufficiently established to 
provide material for reflection, and problems which 
would have to be encountered by the promoters of 
the new doctrine of atomic linkage. Kekul6 ob- 
served that benzene is the first term of the series 
to which it belongs, and the supposed lower homo- 
logu^ GJif, was shown to have no existence. The 
group of six atoms of carbon seems to form a unit 
which continues to subsist imdivided in all the 
numerous compounds into which the molecule of 
benzene, more or less stripped of hydrogen, enters 
08 a constituent. Further, the hydrogen in this 
molecule shows no s^s of being gathered round 
any one or more of the carbon atoms to the disad- 
vant^e of the rest In other words, it is equally 
distributed among them, so that every atom of 
carbon has an atom of hydrogen to itself. We 
have seen how the idea became established, that an 
atom of carbon is capable of linking itself to a 
second atom by means of one unit of its atomicity, 
or valency, as it has been variously called, so that 
each of the two conjoined atoms loses one-fourth of 
the power it possesses by itself of becoming attached 
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to other atoms. This may be diagraimnatically ex- 
pressed as follows : 

I I 
By the application of the same idea to an indefinite 
number of atoms, it is easy to conceive of a long 
chain of carbon atoms linked together in a similar 
manner, thus : 

lit III 

-0-0-0- . . . Ac. . . . -C-O-C- 

III III 

Or again, these atoms may be supposed to be joined 
in consequence of the suppreasioD of two umts of 
T^ency between two neighbouring atoms, which 
may be expressed in a similar manner : 

=G=C=C=,bci. 
Or ^ain, by suppression of one and two units 
alternately : 

-0-0-q-C-O =,'-&•- 
All these are examples of what axe now called 
open chains, in which the terminal atoms have their 
affinities satisfied by means of hydrogen, chlorine, 
or some other element which ends the series. The 
idea which Kekul^ introduced is derived very simply 
from this. He explained the pecuhar composition 
and properties of benzene, by supposing that eox 
atoms of carbon are joined together by alternate 
single and double linkages, and that the terminal 
atoms a/re vmited inio a closed chain or rvng. This 
may be expressed by writing the six carbon atoms 
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in a straight tine oa above, and joining the extremi- 
ties ; but since the molecule of benzene is symmetrical 
in its chemical behaviour, it has long been the 
custom to represent it by a symmetrical figure, the 
hexagon thus : 

"-f f-" . I '■'.■[■: 

T\ "■ \ 



In a large proportion of cases the fourth unit of 
valency, here, by a guess, represented as linking the 
carbon? t(^etheT, is simply unaccounted for, and 
exercised in a way not yet understood; it may, 
therefore, be left unexpressed. In like manner it 
Is unnecessary to write all the symbols for hydrogen 
every time the formula is requijed, and in practice 
a skeleton symbol has come into use which expresses 
at once all that is wanted. Further, for reasons 
which may readily be understood, it is convenient 
to number the carbon atoms so as to distinguish 
one from another in the ring, and to signify their 
relative positions; and so the formula may be re- 
duced to: 
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Or more simply as fbllova, the numbers being 
underatood : 




The idea involved in this formula of a chain closed 
by the interlocking of ita terminal atoms has been 
largely applied, and many groups of compounds are 
now known formed upon nuclei confdfitii^ of 3, 4, and 
5, as well as 6 atoms of carbon, and that other ele- 
ments, such as nitrogen, oxygen, and sulphur, may 
take a place in the ring. The earliest direct synthesis 
of rings containing three and four atoms of carbon was 
accomplished about 1884, and many reactions were 
studied about this time by W. H Perkin, jun.,^ in 
which derivatives of trimethylene and tetramethylene 



CH, 



CH, CH) CH, 



CH, CH, CH, 

were obtained. He has givwi a history of the whole 
subject in a lecture delivered before the German 
Chemical Society in BerliiL* The comparative ease 
with which rings of six carbons may be formed, and 
the much greater difficulty experienced in producing 
rings made up of three or four atoms of that element, 

' Btr., 16. 2186, *c. » Ber., 86, 2091 (1902). 
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have been aecouated fat by hypotheses of a remaj-k- 
able moohanical character which will be explained 
in a later chapter. Kekul^'a formula, in the mmple 
shape to which it baa been reduced by omitting the 
debatable and much debated question of what be- 
comes of the fourth valency, is accepted by all chemiats. 
Indeed, it may now be regarded as established upon a 
basis of experimentol evidence, comparable with that 
upon which rests the Atomic Theory itself. It re- 
quires in this form do assumptions that have not been 
fidly verified by experiment;' and it has rendered 
such service in the development of "organic" 
chemistry, generally, that it would be no exaggera- 
tion to assert, that without it the greater part of 
modem knowledge in this field could never have 
been established. Without its guidance a large 
proportion of the &mi]iar and beautiful futificial 
colouring matters would probably never have been 
discovered, and the greater' number of the numerous 
modem synthetical medicinal agents could never 
have been produced, save, possibly, by accident. 
The beauty and fertility of Eekul^'s theory of the 
" aromatic " compounds Cfm only be ftilly appreci- 
ated by those who have made a study of the subject, 

' ProbaUj (h« motb tmportuit liugle conttibntjoa to tlis Bnbjeot 
ever madt ia the rammrkkble memoir by W. Komer. publfsbert in 
1876, in whicb be applied tb« principle, indicated in g«nenl terms 
by Eeknl^ by which the problem of the poBitioo of ndiolea inlro- 
dooed by MibatitatloD Into the molacale oit beniene wba •alv«d. In 
working oat the application of the method, he described sboat 120 
new oomponnda. (AucMts Ckimita JMiana, Ir., tmoriatad uid 
ftbatraoted into the JounuU of the Chemical Soeid^, 187$, toI. i.) 
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but the literature relating to this department of 
ohemistiy, even for purposes of exposition, is very 
extensive. It is not possible to enter into more 
detail in tbeee pages, but the student will readily 
find in eveiy text-book of "organic" chemistry a 
statement more or less complete of the applications 
of Uie Uieory. 

It has also been well remarked that "Kekul^'s 
structural formulae cleaned away at one stroke the 
entire brood of pseudo-constitutional fonnulfe. If 
chemists no longer vaste their time in wrangling 
over the question whether, for example, methylamine 
is methane, in which one atom of hydrogen is re- 
placed by the amido group, or ammonia, in which 
one atom of hydrogen is replaced by methyl, the 
merit is Kekul^'s." ' 

Constitutional formulse then axe based on the appli- 
cation in some shape or other of the fundamental 
idea of definite and limited combining capacity dis- 
covered by Frankland. As time has gone on many 
attempts have been made to extend the idea so as 
to include not only the well-defined examples of 
constitution already given, but to account for such 
phenomena as the capacity for combination exhibited 
by apparently saturated compouuds such as water, 
and the variation of valency exhibited by cert^ 
elements. Nitrc^n, for example, appears bivalent 
in nitric oxide NO, trivalent in ammonia NH^ 

* ProteHOT Japp's "EeknU'i Memorii) Leotim" [Trant. Ciem, 
8oe^ Feb. 1898). 
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and quinquevaleot in ainmoiuum chloride NH^CL 
Chemists are far &om being agreed oo these Bubjects. 
As to a physical explanation of valency, if one could " 
be found and completely established on a sufficiently 
firm foundation, a step would be achieved which 
would lead us a long way toward a knowledge of the 
physical nature of chemical "affinity" itself. This 
can hardly be said to have been yet accomplished. 
There are, however, two distinct theories which are 
not only quite modem, hut are distinguished from all 
the previous vague conceptions by the support which 
each derives from knowledge comparatively recently 
acquired. The one attributes combination to electri- 
cal charges associated with the active atoms of the 
elements, and this will be referred to again later on. 
The other, which has been entitled by the authors ^ " A 
Development of the Atomic Theory which correlates 
Chemical and Crystalline Structure and leads to a 
Demonstration of the Nature of Valency," requires 
the assumption of attractive and repulsive forces 
between the atoms, but involves ideas which must 
be r^;arded as supplementary to such hypothesis. 
According to this new view the valeD<^ of an atom is 
determined by the volume which the atom and its 
sphere of influence occupy in space within the mole- 
cule of which it forms a part. The attractive forces 
acting between the atoms cause them to lie closely 
packed together. Similarly the molecules are packed 
closely within the minimum compass in solids, and 

> Barlow and Pop«. Journ. Chait. Soo., 89. 1676 (1S06). 
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crystalliDe Btruoture is produced by the orderly 
arrangement of close-packed homogeneous assem- 
blages of molecules. 

The valency volume is by no means to be con- 
founded with "atomic volume" deduced from the 
density of the substance, for the sphere of atomic 
influence of carbon being taken as four those of 
hydrogen, chlorine and bromine must be taken as 
one, and these rdations have no obvious connection 
with the "atomic volumes" 11-0, 5-5, 22-8, and 27-8, 
previously assigned to these elements. In the appli- 
cation of this hypothesis to the problems of multi- 
valency and unsaturation the authors have met with 
considerable success, but until the study of crystallo- 
graphy and crystal structure has become more 
&miliar to chemists the recognition of this most 
interestmg hypothecs will probably make slow 
progress. 



BIOGRAPHICAL NOTES 
WiLLUx Bablow, F3.S., F.O.S., matbematiokD, 

AuexAinMB Gbdh Bbown, D.So., F.B.S., lately Prof«MOT of 
Chemistry in the Univeraity of Edinburgh. 

Archibald Soott Coufeh wm born Slat March 1831 »t 
Kirkintilloch, Dumbarton ahire. A student first in the Uni- 
versitj of Glasgow, then in that of Edinburgh, he began the 
study of ohemistry in Berlin under vhat teachers is now 
DQcertaio. In 1866 he went to Paris, and found a place in 
Wurte's laboratory. In 1BG8 he published his famous paper 
referred to in the text. He then left Paris, and became an 
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uautant in PlayUr'a Ubonttor^ in Edinburgh. Hia haftlth 
then broke down, aud ha did no more Bdeutific work. 

He died 11th Muoh 1882. 

[Lifi and Chtmieal Work of A. S. Couper. Bj Riohard 
AiiachiitB. Tratulftted by A. drum Brown. Proe. Soy. Soe., 
Edin., S9, 183 (1808).] 

Rudolph Tithq, bom in Hamburg, 6th Dec. 1836. A 
■tndent under Limprioht at Gijttiiigen,ha hooKao privat-doe«iU 
in 1S60 and Honoraiy Proteuor in 1866. In 1870 be waa 
appointed Profeuor in the UniTeraity at Tubingen, and in 
1878 succeeded Baejer in the Univernt]' of Straabonrg. He 
died the IMh Not. 19;0. 

[Olntuary notice. B. Ifeldola. Joura. Chem. Soe., 89, 16&1 
(1911). More extended notice by F. Fiohter. See Ber.,-tt,.. 
1338(1911).] 

GioROB Cahei Fostxh, LL.D., F.R.S., formerly Profewor of 
Fhysica in UniTersity College, London. 

Edward Fb^nklakd waa bom at Churohtown, Laooaahin, 
16th Jan. 182G. After attending rarioua aehoola, he naa 
apprenticad at the age of fifteen to a druggiet in lAncaahire. 
In 1845 he entered Playfiir'a laboratory, and afterwards be- 
came hia assiatant. In 1847 he was for a short time at Har^ 
borg, bnt being appointed teacher at Qaeenwood College, 
Hants, ha returned to England, In 1848 he worked with 
Bunaen at Heidelberg, and in the following year took hia Ph.D. 
degree. In 1H4B he waa for a short time in Liebig's laboratory 
at Giessen, but having the offer of the Frofaaeorsliip of 
Cbetniatry in the College for Engineera, Putney, vacated by 
Playbir, he returned home. In 1851 he became Professor of 
Chemistry at Owens College, Hanoheater, and afterwards auc- 
ceasively Lecturer at Bt. Bartholomew's Hospital (18GT), Pro- 
fessor in the Royal Institution (1863), and successor to 
Bofmann at the Royal College of Chemiatry and Royal School 
of Mines [I860). He retired in 1B8&, and died on 8th Aug. 
1888. 

Frankland was President of the Ohemical Society from 1871 
to 1873, and wm first Praudent of the Institute of Obamistry 
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from 1877 to 188a He mw orMtod K.O.B. in 1897 on the 
ooouion of the Diamond Jubilee o( Qomd Victom. 

[Obituary notioe, by H. Maoleod. Jovm. Cham, Sue., 87, S74 
(1906).] 

Lkofold Omblih, born at Odttiogen, Snd Aug. 1788. Son of 
Johuu Friedrioh Omelin, ProfMior of Medicine and GhenuBtiy. 
Privat-docmt, and thereafter Profeaior of Medicine and Ghemia- 
try in the CniTenity of Heidelberg. Died at Heidelberg, 13th 
April 1853. 

[Obituary, Quart. Joum. Ch«m. Soc, 7, 144 (1856).] 

Frahcib Robebt Japp, M.A., LL.D., F.B.a., Profeuor of 
Chemiitty in the nnirernty of Aberdeen. 

Fribdhioh Ausust KesuLi waa bora at Darmatadt, 7th 
Sept. 1829. Began the study of architecture at 0ieS3«), but 
having attended Liebig'a leoturei waa faadnated by the enb- 
jeot. After a aemester at the Polyteohnio in Darmatadt he 
returned toQieewnaud entered the Unireruty laboratory. In 
1861 he went to Paria, attended Dumaa' lecturea, and made 
tlw acquaintanoe of Oerbardt, by whom he waa mnoh in- 
fluenced, la 1864 be oune to London as aaaistant to Stenhonoe 
at St. Bartholomew's Hoapitel In 1S56 he went to Heidel- 
berg aa yrivat-docent, and in 1858 publiabed hia view* Wi the 
linking of atoma. He waa tlien appointed Frofeaaoc of 
Obemiatry in the University of Ghent. In 1867 lie waa 
appointed Profesaor in the Univeraity of Bonn, where he 
remained to the end. He died on 13th July 1896. 

{Kekul^ Memorial Lecture. F. B. Japp. Joam. Chtn. Soe., 
73, 97 (1898).] 

Adolph Wilhblm Hbrmakn Kolbb, the son of a Lntheran 
pastor, was born near Oottingen, 27th Sept. 1818. He waa a 
pupil of Wohler'a in the UuiTenity of Gtittingen from 1838 to 
1S4S, when he went to Marburg as aaaistant to Buoaeu. 
In 184G he came to England as aaaistant in Playfair'a 
laboratory at the Muaeum of Praotioal Geology in London, 
In 1861 he auooeeded Bunaen at Marburg, and in 1861 he 
aooepted the invitation of the Unireraity to the Ghemioal 
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Ofaair ftt L«paig. Among Kolbe's many diMoTeries mny be 
mentioned the synthetical produotion of lalit^lic aoid from 
phenol, whiuh hu beoome a mannfactiuing process af great 
importance. Kolbe died 2fith Not. 1B84. 
[Obituary, Journ. Chtm. Soc., 47, 323 (188&}.] 

WiLHELM EoiuiEB, PfofeBMr in the Beale Scuola Supsriore 
d'Agricoltura, Milan. 

AosiTSTE Ladrbnt, bom Hth Nov. 1807, at Langrei (Hante 
Mame). A mining engineer. Appointed in 1831 under 
Dumaa a> Rep^titeur du ooura de Cliimie ik I'jfioole Gentrale dea 
Arts et Manufactures. Attar experience a* dieniist to the 
porcelain factory at Stivres and elsewhere, he became Profeasar 
of Chemistry at the Faoulty of Soiencaa at Bordeaux. From 
1848 he wM Assayer to the Mint in Paris. 

He died 16th April 18&3. 

[Obituary, Quart. Joum. CHitm. Soe., 7, 140 (1865).] 

Charles Blachtord Mansfield, the son of a clergyman, 
was born at Rowner, Hampshire, in 1819. After aduoalion at 
Winchester and Cambridge he entered the Uoyal College of 
Chemistry under Hofmann. The accidental ignition of a still 
containing coal-tar naphtha oost him bis life, 26th Feb. 18A6. 

[Obituary, Quart. Joum. Ohm. Soe., 8, 111 (1866).] 

ElLHABDTMlTaCHERLiCHWBBbom7th Jan. 1794, atNeuende, 
near Jerer, in Oldenburg, where hia father was a preacher. He 
first devoted himself to history and philology, especially to the 
oriental languages, but having become, at Heidelberg, attracted 
to the natural scienoes he gave himself np to the pursuit of 
chemistry. In 1618 he discovered the isomorphism of the 
arsenates and phosphates, and was thus lad to the formulation 
of the law of isomorphism which is aaaociated with his name. 
In 1821 ha succeeded KUproth as Ordinary Professor of 
Ohemistry in the University of Berlin. Ha died on 28th Aug. 

leea 

[Obituary, Jewn. CJUm. Soe., 17, 440 (1864).] 

Alfrbd NAguBT, bom at Carpentras, 6tb Oct. 1834. MJ). 
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PariHlSES. Frofenorat the Faculti-de U^dedne till hia politi- 
cal opiaioDH obliged him to leave Fmnoe. B^tumiiiK >» 1868, 
ha wai after the war elected aa a Deputy to the Chamber, 
where he lat on the left. 

[Foggendorffs HandiDUrterbaek, vol. iii.] 

WiLUAH HrkRT Pebrih, jnti., Ph.D., F.R.S., eldest ton 
of Sir William Henrjr Parkin. Formerly FrofeBBor of Oi^anic 
Cbemistij ia the University of Uatichester ; Waynflete Pro- 
feMor of Chemistry in the University of Oxford (1913). 

WiLUAii Jacksok Pope, M.A,, LLJ)., F.R.S., FrofeMor of 
Chemistry in the University of Cambridge. 

Jaoob Heinrich Wilhelm Bcbibl, bom Slit Oct. 1813. 
Priwat-docmt in Heidelberg. In 1849 he went to Amerin, 
where he remained ten years, and then retamed to Heidel- 
berg. A paper of his at this time gives the history of the 
recognition of series among organic compounds. Liehig's Ann., 
110,141 (1859). Died at Baden-Baden. 

[PoggendorCTs HattdvUirUTbudi.] 

Bernhabd Chbistiah Oottfried Tollekb. Since 1673 Pro- 
fessor Extraordinary and Director of the Agrioultiiral Ohemkal 
Laboratory of the University of Qiittingen. 

Charles Adolphe WuBtz was born «t Strasbourg, S6th 
Nov. 1S17. His father was the pastor of Wolf iheim, a village 
near the city. He at first studied medicine, and took hia 
degree in 1843, but immediately afterwards entered Liebig's 
laboratory at Oiessen. In the following year he went to Paris, 
and was for a short time in Balard's laboratory at the Faculte 
des Sciences, but in IS46 he became assiatant to Dumas at the 
£oole de H^decine, and in 1649 he gave a oourse of lectures od 
organic chemistry in place of Dumas. The Institut Agrano- 
mique being founded at Versailles, Wurts was appointed 
Profeasor. The Institut, however, had but a short life, and 
in 1863 Wurti suooeeded Dnmai at tha Faculty de M^dedue, 
where be remMned till 1874, when a ohur of organic chemistry 
was created for him at the Sorbonne. 
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He diod 18th lk]r 1884. 

[0bit0M7, by A. W. WiUiamaon. Proc. Sog. Soc., 38, isiii. 
(1886}. FaUar notion by Hofiiuu)ii,fi«ricAle^.,81& (1887).] 

NiooL&UB ZiKiK, born 25th Aug. 1812, at Sohusoha, Tnna- 
oaooMw. A atudeut under Iiiabig at Qi«Men, be became fiiat 
ProteMoT of Obemutry in Eauo, Mid Uter ProfeBBor of 
Ghemutry and Pbystoa at the Medioo-Chinirgioal Aoademj 
Id St. PetenboTg. 

He died early in 1880. 

[Briet otntoary by A. W. Hotmann. Btr., 13, 449 (IS80).] 
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THE DEVELOPKENT OF STNTHETICAI. CHEMISTRY 

From the time of Lavoisier the subject-matter of 
chemistry has been divided, in nearly all general 
treatises on the science, into two chief departments, 
the mineral or iriorganic, and the organic. In the 
older text-books vegetable substances were described 
separately from those of animal origin; but down 
to compfuratively recent times the idea commonly 
prevailed that the composdtion and properties of 
both these classes of compounds were governed by 
laws differing essentially from those which were 
found to prevail among substances of mineral 
nature. It was recognised that organic compounds 
are usually more complex in composition, and more 
easily decomposed by heat than minerals, and that 
" we cannot always proceed, as with materials de- 
rived from the mineral kingdom, from a knowledge 
of their components to the actual formation of the 
substances themselves. It is not probable," it was 
said, " that we shall ever attun the power of imi- 
tating nature in these operations. For in the 
functions of a living plant a directing vital prin- 
ciple appears to be conoemed peculiar to animated 
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bodies, and superior to and differing from the cause 
vhich has been termed chemical affinity" (Heniy's 
Elemente of Ea^pvrvmental Chemistry, 1829). An- 
other purely hypothetical distinction, the result 
of ignorance of the constitution of the majority of 
organic compotmds, was based upon the assumptioD 
of a binary plan of combination in inorganic com- 
pounds not observable in organic compounds. So 
late as 1863 the ninth edition of Fownes' Mawud 
of Chemistry, with Hofinann aa joint editor, con- 
tains a pass^e in which it is explained that " copper 
and oxygen combine to oxide of copper, potassium 
and oxygen to potassa, sulphur and oxygen to sul- 
phuric acid; sulphuric acid in its turn combines 
both with oxide of copper and oxide of potas- 
»um, generating a pair of salts, which are again 
capable of uniting to form the double compound 
CuO, SO, + KO, SOj. The most pompUcated pro- 
ducts of inorganic chemistry may be thus shown to 
be built up by this repeated pairing on the part of 
their constituents. With organic bodies, however, 
the case is strikingly difiFerent; no such arrange- 
ment can be traced." 

Organic chemistry then originally, and for a long 
time, was understood to mean the study of com- 
pounds derived from organic sources ; but as to the 
constitutJOD of such compounds, opinion has passed 
through many successiTe pbaaes of modification. In 
1837 Liebig, in conjunction with Dumas, defined 
organic chemistry as the chemistry of compound 
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radicles. Gmelia, ten years later, included in the 
organic division of hia HaTtdhook compounds which 
contained more than one atom (C=6) of carbon. 
Oerhardt's definition ia as follows: "La chimie 
organique s'occupe de I'^tude des lois d'aprte les- 
quelles ae m^tamorphosent les nmti^res qui con- 
stituent les plantea et les animaux; elle a pour 
but la connaissance des moyens proprea k compoter 
les substances organiques en dehors de I'economie 
vivante" (JWiW, i. 1). But recognising carbon as 
the essential and characteristic element, Qerhardt 
made no distinction between those compounds which 
contain only one atom and those which contain 
more than one atom of this element. Hence he 
described as fully the oxides and sulphides of carbon 
and the carbonates as the more complex compounds 
which follow in the book. 

Kekul^ defined organic chemistiy as the Chem- 
istry of the Carbon Compounds,' and pointed out 
that the separate treatment of such compounds is 
chiefly a matter of convenience, and is rendered 
necessary in consequence of their yeiy large num- 
ber, and the great practical as well as theoretical 
importance of so many of them^ 

' The title of bi* weU-knowu UMtiae expreiBw this MaooUtion 
of idoaj : Lehrbnek der oryanua/ita Chettie, oder der Chania dtr 
KohUniti^-VeTbiiiditHgeii, 18S9. 

* -' Wir deOnlren »l«o die oigftnltohe Chemle ali die Chemie d«r 
KohlenBtoff-VerblndnageQ. Wli seben d»bel keioen GegensUa 
iwlBohen anorgknifloliui nnd o^fknifobatt VnbiDdiuigMi " (£<kr> 
h<«A,Lll). 
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Kekul4, like Gerhardt, included in his book a 
doscription of the oxides and other ^mple com- 
poitnds of carbon. Schorlemmer, recognising the 
important part played hy hydn^en in the com- 
pounds of carbon, defined Organic Chemistry as the 
" Chemistry of the Hydrocarbons and their Deriva- 
tives." This, however, is a definition belonging to 
more recent times {Lehrlmek dtr Kohlen^ff-Verbvn- 
dwngen odor der Oryaniachen Ckemie, 1872 ; in Eng- 
lish, A Manual of the Okeimstry of the Carbon 
Com/pownda or Organic Chemietry, 1874). 

The definition of the province of "Organic" 
Chemistry and investigation of the nature and 
constitution of "orgtuiio" compounds aie matters 
of more than merely technical interest. They con- 
cern the great question ss to the sources and dis- 
tribution of energy in nature, and the origin and 
operation of life itself. 

Previously to the publication of Berthelot's Chvmie 
Orga/nique faadie, mr la. SyntiUae (1860) no syste- 
matic research had been attempted in the direction 
of building up compounds of carbon, comparable 
with natural organic compounds, by the union of the 
elements of which they are composed. Two notable 
though isolated examples of the production of or- 
ganic compounds by total synthesis are afforded 
by Wohler's formation of urea in 1828, and Kolbe's 
synthesis of acetic acid in 1845. That W(ihIer'B 
discovery should not have attracted more Mlention 
than it did for many years is all the more remark- 
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able, because the author himself seems to have been 
fully aware of its significance. Hia words are as 
follows : ^ " J'obtins le resultat inattendu que par la 
combinaison de I'acide cyanique avec I'ammoniaque 
il se produit de I'ur^ \ fmt d'autant plus remarquable 
qu'il oflre un exemple de la formation artificielle 
d'lme maU^re organique et m§me de nature animale 
au moyen de principes inorganiques. . . . Je ne 
parlerai pas davantage des propri^t^ de oette ur4e 
artificielle puisqu'elles sent tout-&-iMt aemblables a 
cellea que Ton peut trouver dans les ^rita de Proust, 
Prout, et ftutres sur Tur^." 

Kolbe's process was more complicated.* By the 
action of chlorine upon carbon bisulphide, which is 
formed by Che union of its two elements, carbon 
tetrachloride is obtained, 'and at a red heat this 
eompoimd is decomposed into chlorine and tetra- 
chlorethylene, CgCl,. In the presence of water, 
chlorine, and sunlight, this compound yiedds tri- 
chloracetic acid, probably through the intermediate 
formation of hexchlorethane : 

C^i,+2H/) =CC1,.00,H+ 3H0L 
Trichloracetic acid mixed with water can be reduced 
to acetic acid by the action of sodium amalgam. 
It is almost needless to add that the acetic acid 
prepared by this synthetical process is identical in 
all respects with the acetic acid obtained &om vin^M", 
which is the product of a peculiar fermentation. 
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The methods employed by BerUielot vere for the 
most part simple &nd direct. Starting from carbon 
or one of its oxides, he obtained aereral hydro- 
oaiboos from which, as veil known even at that 
time, more complex compounds can be built up. 
The folloiring are a few examples of his processes. 

At the temperature of the electric arc, carbon 
and hydrogen unite directly to form acetylene, C,Hy 
The same compound is produced by the action of 
the electric spark on a mixture of hydrogen with 
carbonic oxide, with carbon bisulphide, or cyanogen. 
From acetylene, by acting upon its peculiar copper 
compound by hydrc^en in the nascent state, ethylene 
is produced. Thus : 

SaC+xH^m'xC^ acetylene. 
Ofif+Rt'^C^ athflene. 

Ediylene united with the elements of water con- 
stitutes conmion alcohol To effect this union the 
gas may be made to combine with a hydracid, 
especially with hydrogen iodide: 

and the resulting compound heated with potassium 
acetate gives ethyl acetate, from which, by the action 
of potash, alcohol may be obtained : 

C,HjH-K0A0i=C\H,C3^,0,+ KI, and 
CiHjO,HA+KHO=KO,H,0,+0^jHO alcohoL 

Alcohol may of course be employed as the starting 
point for the production not only of aldehyd, acetic 
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»cid, or acetone, but of a large niunber of oompounds 
of more complex composition. 

Alcohol, hoverer, is obtainable from ethylene by 
the simpler process of dissolring the gas in hot 
sulphuric acid, whereby sulphovinio acid is formed, 
and subsequently decomposing this compound by 
distilling it vith watw. 

Acetylene may be employed as the matmal from 
which benzene and all its multitudinous train of 
derivatives may be formed, for by the simple appli- 
cation of a moderate heat to the gas it suffers con- 
densation almost comfdetely into benzene : 

3C,H,=0,H^ 
At higher temperatures more complex hydrocar- 
bons, such as napthalene, G^^^ and anthracene, 
CuHjg, are produced. But beside the direct union 
of carbon with hydrogen at the temperature of the 
electric arc, the formation of hydrocarbons from 
these two elements may be accomplished by the 
addition of one preliminary stage to the series of 
operations. Thus carbon may be conbined with 
sulphur, forming carbon bisulphide, and hydrc^n 
with sulphur, forming hydrogen sulphide; if, then, 
these two oompounds be tranranitted simultaneously 
through a tube containing heated metallic copper, 
the sulphur is withdrawn by the metal, and the 
other elements unite at the momoit of tlieir Ubraa- 
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tioD in the presence of each other. A mixture 
chiefly of marsh gas and ethylene results : 
2H,8+08i+4Cii>-40uS+CH4, &o. 
Or carbon monoxide may be used as the parent 
material This gas is not afiiscted by caustic potash 
at the common temperature of the air, but at the 
temperature of 100° and upwards it is absorbed by 
a concentrated solution of potash with formation of 
potassium formate : 

CO+EHO-KOH(V 

From this compound formic acid itself may be 
obtained, a substance ori^nally procured by the 
distillation of ants with water, and in more recent 
times by ' the oxidation of various materials of 
vegetable origin. 

Such examples as these are sufficient to prove 
that compounds identical in evety respect with 
the products of animal and vegetable life may be 
formed from dead mineral matter. Berthelot was so 
anxious to establish this point beyond the posnbility 
of dispute, that he gives in detail one series of 
experiments in which the carbon employed was ob- 
tained in the form of carbon dioxide from barium 
carbonate; it was then made to pass successively 
through the forms of carbonic oxide, formic acid, 
barium fonnate, ethylene, ethylene bromide, ethy- 
lene again, and finally into ethylsulphuric acid, 
and its ctystallised barium salt &om which alcohol, 
the ultimate object of these expeiimente, was gene- 
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rated. Water and carbon dioxide, then, were the 
only compounds from wliich the elements of this 
alcohol vere derived. 

Chemists, then, were long ago completely con- 
vinced that 30-calIed " o^^anic " compounds, though 
frequently more complex than inorganic compounds, 
such as metallic oxides and salts, owe their existence 
to the operation of the same chemical a£5nity which 
goveros the formation and transformation of these 
compounds. The peculiarities of their constitution 
arise from the fects pointed out nearly forty years 
ago by Kekul^ and by Couper (see Chapter V), 
namely that carbon, the essential element in all 
such combinations, possesses the remarkable power 
of uniting with itself atom to atom ; and secondly, 
that all the combining units of such an atom or 
group of atoms may be eatv/rated by hydrogen. 

Considering the now universal recognition of the 
true province of Organic Chemistry, it is unfortunate 
that the names Iviorganic and Orga/tiic should be still 
stained for the two co-ordinate departments of the 
science, and that the division between them, though 
practically necessary, should be mainbuned in so 
absolute and arbitraiy a manner. To speak of 
Organic chemistry at all, is only one of the many 
examples which might be given of the etymological 
confusion which everywhere prevaib in the language 
of chemistry. There are oi^nic beings, and thtn 
may be a chemistry peculiar to th^ functions, but 
this is what would be rightly comprehended under 
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the term phymological chemistry, or rather chemical 
fdiysiology. All chemists, however, now agree that 
there is but one chemistty bo far as principles are 
concerned, no matter how various may be its ap- 
plications. The sharp distinction and separation of 
inorganic and organic chemistry is in teaching and 
learning a source of great loss and inconvenience ; 
for until a student has become acquainted with 
the properties of at least a few carefully 8elect«d 
carbon compounds, he can have no true idea of the 
relation of composition and constitution to physical 
properties, which is only to be acquired by the 
study of the phenomena of isomerism and of series. 
Among metallic and mineral compounds there is 
nothing corresponding to homologous series, unless 
we admit the relations which have been traced (see 
Chap. lY) between the atomic weights of certain 
elements and their properties. But these are &r 
less regular than the relati<ms observable unimg 
the members of a series like the acetic series of 
adds. Moreover, a student who is hmited to the 
study of salts and other metallic compounds has 
few opportunities of observing the methods by 
which "constitution" is established, and even the 
processes and effects of oxidation and reduction can 
be but imperfectly understood. 

Since the time of Berthelot's experimental investi- 
gation of the conditions under which such carbon 
compounds may be formed, the art of chemicid 
synthesis, the building up of complex from simple 
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materials, has made reroukable progress. Not only 
the simple formic and acetic acids, but comjdex 
vegetable acids, such as tartaric, citric, salicylic, 
gallic, cimiamic ; not marsh gas and ethylic alcohol 
only, but &t8, phenols, indigo, alizarin, sugars, aoid 
even proteins' identical with those extracted &om 
the tissues of plants and animals, are now producible 
by purely chemical processes in the laboratory. It 
might appear that such triumphs vould justify 
anticipations of still greater advances, by vhich it 
might become posnble to penetrate into the citadel 
of life itael£ Nevertheless the va^i^ that a limits 
though distant yet, is certainly set in this direction 
to the powers of man, appears to be as justifiable 
now, and even as necessary, as in the days when all 
these definite oi^toiic compounds were supposed to 
be producible only through the agency of a "vital 
force." For even supposing the secret of the chemical 
constitution of all the colloidal proteid substances fully 
understood, the conditions under which such non- 
living substances could acquire the fower of absorb- 
ing and using supplies of physical energy in such a 
way as to exhibit the cycle of events called "life" 
would still remain a secret. Until some idea can be 
formed of the relation of matter and the various forms 
of physical energy to consciousness, or even to the 
apparently unconscious mechanism displayed by 
v^^table life, which includes the powers of growth 

I Sm the Fuaday Leotnre b; Emil Fisohei. Ji>iim,C\em.Soe.,Sl, 
1749 (IWT). 
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fmd reproduction, the triumphs of synthetic chemistry 
will biing us no nearer to a revelation of that secret. 

Emphasis vaa at one time' laid upon a physical 
distinctioQ between hving and dead matter, that is 
the production by purely chemical processes, and 
without the aid of living matter, of compounds 
possessing the power of rotating the plane of polariaa- 
tioD of a ray of poluriaed light, in the manner which 
is so charactariatic of many of the proximate con- 
stituents of animal and v^etable structures, such as 
the proteins, the sugars, and various hydrocarbons, 
acids, and alkaloids. This distinction has, however, 
disappeared, since it is known that optically active 
compounds can be obtained without the intervention 
of living matter of any kind. The question will he 
further discussed in the next chapter. 

The methods employed by the modem chemist in 
the construction of carbon compounds, the mole; 
culea of which are known to contain many atoms 
of carbon, are so numerous that it is not possible 
in such a sketch as this to do more than indicate 
broadly their general nature. It has already been 
shown how Berthelot and others succeeded in uniting 
the elements carbon, hydrogen, oxygen, and nitrogen 
into compounds previously believed to be derivable 
only from organic sources, but such substances as 
fonnic acid, alcohol, and acetic acid are after all 
very simple in constitution, and between such com- 

' 8m " Addreu tc the ChemlcMl Seotion of the Brftiih A^MwlkUon," 
Brirtol, ISBS, bf Protouor V. B. J*pp. FrMident of the Seotioti, 



p:h»Google 



196 THE PROQBBBS OF SCIENTIFIC CHEHISTRIT [OHAT. 

pounds as these and the common constitumts of 
vegetable and animal juices there is a iride interraL 
Tartaric acid, for example, conbiuns four atoms of 
carbon, citric acid six atoms, common sugar tirelve 
atoms of the same element, while caffeine, the alka- 
loid of tea and coffee, contains eight atoms of carbon 
with four atoms of nitrogen ; and the blue colouring 
matter of indigo contuns sixteen atoms of carbon 
and two atoms of nitrogen in the molecule. The 
art of uniting carbon to carbon has now become so 
&miliar, that chemists are apt to fb^t that its dis- 
covery and application is so recent that it really 
belongs to the present generation. Before attempt- 
ing to illustrate by an example or two the nature of 
the methods employed, it is necessary to remind the 
reader that advances in the direction referred to 
postulate certain fundamental ideas, the origin and 
development of which has already (Chap. V) been 
described. We believe now that in a molecule the 
constituent atoms are not thrown together confusedly 
in a general jumble, but that a definite order is 
miunbuned, and that this order can be, at least with 
great probability, inferred from the properties, modes 
of formation, and decomposition of the compound. 
In such a system it \b recognised that some elements 
are united together direcUy and some indirectly, 
according to their respective valencies, into a struc- 
ture which, though it doubtless possesses great 
elasticity, is more or less permanent So long as the 
compound retains its identity, its constituent atoms 
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do not wander about, but retain their relative posi- 
tions ; whereas, if a change of relative position does 
occur, this is immediately manifested by a change 
in the properties or chemical behaviour of the sub- 
stMioe. The knowledge which we now pmsess of 
the " constitution " of so large a number of chemical 
compounds is, of course, the outcome of an immense 
amount of patient labour, the utility of which has 
not fdways been obvious to the unlearned. 

One method of uniting carbon to carbon is based 
upon the peculiar properties of cyanc^n and its 
compound with hydrogen, hydrocyanic or prussic 
acid. Cyanc^Q is very familiar as a compound 
radicle which is capable of playing the same kind 
of part as chlorine or bromine, and of being exchanged 
for edther of those elements (see p. 14). If, then, 
such a substance as ethylene, which, as already 
explained, can be prepared from its elements,- is 
first converted into its bromide, C^^Br^ the bro- 
mine may be exchanged for cy&nogen by simply 
heatuig it with potassium (^anide. The compound 
ethylene qranide, C(H4(CN)(, results, and if this is 
boiled with an acid or an alkali the nitrogen is 
removed in the form of ammonia, while fm equi- 
valent quantity of o^gen and hydrogen is intro- 
duced, and succinic acid, CfH/CO^H),, is obtained. 
This was accomplished by Maxwell Simpson in 
1861,* and since the means of converting succinic 
acid into raoemic acid was made known about the 

' Free. Bog. Soe.. 11, 190. 
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same time by Perkin and Duppa,^ here was a method 
of building up a complex v^^etable acid by a process 
of purely chemical synthesis. 

This suocessioD of operations may be traced in 
the following series of formulae, which serve to show 
how the chemical constitution of tartaric acid has 
been determined : 



CH, 
I 
0^ 



O^CN 

CH^OO.OH 
CHf.00.OH 
OHBr.CO.OH 
CHBr.CO.OH 

CH(OH).CO.OH 
0H{0H).C0.OH 



Bthylei 



Dibromo-soocink) add. 



T>rtario or raoemio uid. 



Hydrocyanic acid has the power of uniting with 
many compounds, especially with aldehyds and 
ketones, in such a manner that its carbon becomes 
attached to the carbon of the aldehyd or ketone, 
while Uie nitrc^n can afterwards be eliminated, if 
de^red, by the action of dilute acids or ^kalis, as 
already expluned. In this way, for example, lacUc 
acid, CgH^Oj, the acid of sour milk, may be formed 
from aldehyd, C^fi- 

< Quart. Jottm. Clitm. Soe., II, IDS (1861). 
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Another method of jnroducing more complex 
from simple carbon compounds is founded <m the 
tendency of many of them to midergo the process 
of polymerisation, or formation of new molecules 
by the union of several into one. The polymerisa- 
tion of acetylene into benzene has been already 
mentioned, and to this may be added such cases as 
the conTersion of aldehyd into paraldehyd, 

and the production of the sugar-like substances for- 
mose &om formaldehyd, 

and acrose &om glyceric aldehyd. 

Many such changes occur spontaneously in course 
of time or under the influence of heat. , 

In other cases condmsation is effected by the 
use of agents which have a tendency to imite with 
water or with ammonia, which may be separated 
from the elements of the parent substance as a by- 
product For example, acetone mixed with strong 
sulphuric acid yields water and trimethyl-benzene 
or meaitylene: 

3CaH^ - CfHu + 3H^. 

Another very interesting method of joining carbon 
to carbon arises out of the remarkable influence 
ezerdsed by oxygen upon the properties of hydro* 
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gsD atoms attached, not to the oxygen itself but 
to carbon atoms near to it within the molecule. 
Malonic acid, for example, contains a series of three 
carbon atoms, of vhich the central is united with 
two atoms of hydrc^^en, while the two lateral are 
combined with oxygen, thus : 

-00-CH,-CO- 
Now, when carbon is united to hydrogen only, the 
hydrogen is incapable of being disturbed by the 
action of sodium, and in compounds which contain 
three carbon atoms thus united, but all combined 
with hydrogen, contact with sodium or a sodium 
compound would have no effect. But if the ethereal 
salt of malonic acid is mixed with sodium ethylate, 
one of the two atoms of hydrogen is immediately 
replaced by sodium, thus : 

-CO-CHHa-CO- 
The sodium thus introduced may be easily ex- 
dianged for a hydrocarbon radicle — ethyl, for 
example — by bringing the new compound into 
contact with the iodide, while the sodium is elimi- 
nated in the form of sodium iodide. A compound 
thus results, in which the carbon of the ethyl is 
attached to the carbon which was previously pro- 
vided with hydrogen only, 

-CO -OH -CO 

The synthetical formation of large numbers of 
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complex compounds has been effected by making 
use of this principle. 

Enough has nov been said to indicate the lines 
upon irhich research has travelled during the last 
forty years or more, but it must be obvious that 
the practical success of such operations is greatly 
dependent upon providing the right physical condi- 
tions, and these can only be arrived at as the result 
of much experifflice in the laboratory. 

The artificial production of complex carbon com- 
pounds, posses^g properties vhicfa render them 
applicable to a great variety of practical purposes, 
may be justly regarded as one of the triumphs of 
modem chemistry. Many of these compounds, such, 
for example, as salicylic acid, used extensively as 
an antiseptic and as a remedial agent in medicine, 
indigo and alizarin as dyes, coumarin and vanillin 
as perfumes, are identical with the compounds pre- 
viously knovn only aa [voducts of v^^table life, 
and obtainable only from the substance of the 
several plants which yield them. Some of these 
discoveries, in consequ^ice of which it has become 
possible to dispense with the cultivation or collection 
of large quantities of a plant, have been followed 
by economic results of far-reaching effect. One of 
the most notable instances of this kind is supplied 
by the case of alizarin, the chief red colouring 
matter of the madder root. The cultivation of this 
plant, the Bubia tinctorwm ai tlie botanist, of which 
the wild variety is found commonly in hedges in 
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Britain, has been for oenUmes carried on in the 
south of Europe. It was introduced into the south 
of France in 1766 by Jean Althen, to whom a 
statue waa erected at Avignon, in recognition of the 
▼alue of this service to the district. But in 1868 
the relation of alizarin to anthracene, a hydro- 
carbon present in the less vobitile portion of coal- 
tar oil, was established by Graebe and Liebennann.* 
Methods were inunediately devised by W. H. 
Perkin* in thia country, and by Caro, Graebe, uid 
Liebermann * in Germany, by which the manu&cture 
of alizarin &om anthracene became commcorcially 
posfflbla Henceforth the cultivation of the madder 
plant in the countries in which previously it had 
been a crop of considerable money value, and 
occupying 1ai|;e tracts of land, became unneceaaaty, 
and it therefore speedily declined, and has now 
almost disappeared. Perkin stated * that the value 
of the importe of madder root into the United 
Kingdom had been previously about one million 
pounds sterling per annum; and when we reflect 
upon this, and upon the influence which is imposed 
upon the inhabitants of a country district by the 
neceefflty of learning new methods of cultivation, 
and of finding new markets, as the oooaequenoe 
of the exchange upon so laige a scale of one kind 
of crop for others, perhaps untried, the great im< 
portance of such a discovery becomes obvious. 

> Btr., 1, 49 (1868). * /oum. CSlm. See., S3, 13S (1970). 

* &r, 8, 859 (18T0). * LeotarM before Um Boelttf ol Arta. 1879. 
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Of the very numerous substances how emanating 
from the chemical laboratory, many otJico^ like ali- 
zarin and indigo, ate applicable as dyes, either to 
cotton on the one hand, or to wool and silk on the 
other. Substances like alizarin require the previous 
application to the &bric of some substance, called 
a "mordant," with which they can unite, forming 
a compound which is not only insoluble in water, 
and therefore is not washed out by water, but also 
exhibits a brighter and characteristic colour, the tint 
of which ia determined by the mordant employed. 
Thus with alizarin a red colour is produced by 
alumina, a purple by peroxide of iron. The most 
&mous of these artificial substances of strong tinc- 
torieJ power are, of course, the so-called "aniline 
dyes," and these for the most part require no mor- 
dant when applied to wool and silk. The story of 
the discovery of the first of these colours, the sub- 
stance originally called maiwe, or aniline purple, 
has become so £Euuiliar, and has been followed by 
80 many oUier wonders, that its interest may be 
thoi^iffat to have &ded; but to En^ishmen it 
ought always to serve both as a source of justifiable 
pride and as a warning for the present and the 
future. This discovery was made and was worked 
out into a practical process of manu&cture in 1856 
by our distinguished countryman, William Henry 
Perkin, whoee name has already been mentioned 
in connection with alizarin. But the manu&cture 
of the vast series of colouring matters of every shade 
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and tint, of which mauTe must be r^arded aa the 
ancestor, has been gradually transferred to Gennany, 
where the cultivation of "orgtmic" chemistry has 
been fostered in the uniTendties and technical high 
schools, while it was for a long time neglected in the 
corresponding institutions of this country. 

The history of the development of the coal-tar 
colour industry would alone be sufficient to occupy 
aeveral volumes, and it is therefore impossible to do 
justice to it in these pages;' but it should be men- 
tioned that the name "aniline," applied popularly to 
these colours, is in a great many cases entirely a mis- 
nomer. Mauve and magenta were the colours first 
obtained, and they were formed by the action of oxi- 
dising agentfi upon commercial aniline, which at that 
time consisted of a mixture of aniline with some of 
its homologues, especially toluidine. A large |H*opor- 
tion of the colours now manufectured are produced 
by chemical changes &om other substances obtained 
from the constituents of coal-tar, for example, naph- 
thalene, and by the application of wholly different 
methods, of which the most important is the process ' 
known as " dlazotisation," discovered by P. Giiess in 
1865.* This consists in the introduction of two 
atoms of nitrogen, combined on the one hand with 

1 An exoeedinglj Interesting oooonQt wm given by Petkln of hia 
own career, u)d of the discovery of nuuive and other colours, in 
oonnectiou with the Hotmuui Memorial Leelnre, Hay 1B93, of 
which a foU report appears in the Tratututtent of tlie Ckewmat 
SocUts lor ISM. 

■ Jmim. CKem. Soc., 19, 2ti8. 



p:hy Google 



TI] COLOUB AND CONSTITUTION 205 

carbon, and on the other with an acid radicle or 
other group. Most of theae compouads axe un- 
stable, and decompose with explosion when heated 
or struck, and are often rapidly affected by light 

The problem presented by the intense colour 
and tinctorial power of the "organic" colouring 
matters has been much debated during the last 
forty years, but so &r without the establishment of 
one general theory. In &ict, it seems improbable 
that substances so diverse in composition and in 
constitution should agree in any one peculiarity of 
structure, to which the property of selective absorp- 
tion of light, that is, of colour, can be fairly 
attributed. 

The influfflice of molecular weight in modifying 
the shade of colour was one of the first observa- 
tions made, and it was attended with practical 
results of great importance. The red dye of aniline 
— fuchedne, magenta, or rosaniline — as it has been 
variously called, was converted into a series of other 
dyes, in which the red was gradually suppressed and 
blue developed, by the introduction of methyl, ethyl, 
phenyl, and naphthyl groups, which are simply 
composed of carbon and hydrogen, in place of one or 
more atoms of hydrogen in the original dye stuff. 
We thus arrive at the following series : 

C,ttH„N^ Rod. 

C»H|i(CH,),N,0 .... Beddich violet. 

0„H,»(0 A)^^ .... Puw Tiolet. 

0^„(CA)>N^ .... Blue. 
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A remarkable &ct about these compounds ia that 
the bases themaelTes, of which the fbrmube are 
given above, are colourlesB, and it is only in the 
form of salts that they behave as dyes. 

There ia, however, a distinction to be recogniaed 
between substances which exhibit colour in the solid 
state or in solution but which are not found to be 
capable of attaching themselves to vegetable or 
animal fibres, whether with the aid of a mordant or 
not, and substances which on the contrary do attach 
themselves to fibre and so act as dyes. 

The hydrocarbons generally, benzene, naphthalene, 
anthracene, for example, are colourless to the eye, 
but in the ultra-violet many of them produce absorp- 
tion bands.^ This corresponds to high oscillation 
frequency in at least parts of the molecule, and if it is 
loaded by the introduction of various radicles in place 
of part of the hydrogen, the absorption may be in 
some cases thrown back into the visible r^ona of the 
spectrum, and colour results. Thus benzene and phenol 
are colourless, but by interaction with nitric acid they 
give rise to pale yellow mono-nitre compounds, which, 
however, possess none of the properties of dyes. 
However, if from phenol the tri-oitro derivative, 
picric acid, CnHj(NOj^.OH, is prepared, it dyes silk 
and wool hght yellow. There are many similar fEicts, 
which are perplexing and at present have received 
no adequate explanation. 

> Hartlej, Joitm. Chtwt, Soc., 39, 16S (llj81],and taanj Utar papen, 
especially UarUey kiid Dobbie, /sum. Chan. Soe., TS, 098 (1898). 
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Two print^pal hypotheses have been put forward 
to connect colour and dyeing properties with chemical 
consUtution. The former of these was proposed by 
Otto N. Witt in 1876> According to this hypothesis 
tinctorial power is attributed to the introduction of a 
group called a chromophor, which entering a molecule 
of a_ particular constitution, called a ch'omagem, 
produces colour. Thus NO, is a chromophor when 
introduced into benzene, but the product is not a 
dye unless one or more salt-forming groups, such as 
hydrozyl, are included at the same time. 

The second hypothesis referred to is baaed on the 
observation, ori^nally pointed out by Graebe and 
Liebermann,' that all organic colouring matters, 
certainly all those known at the date of their paper 
(1868), are very easily converted into pale or colour- 
less substances (leueo-compounds) by the action of 
reducing agents. From this they inferred that these 
coloured substances contain unsaturated elements, or 
that certain of Uxeir constituent atoms are combined 
together in a peculiar intimate manner. These &ct8 
hare been handled by Professor Armstrong in a 
series of papers, of which the first was communicated 
to the Chemical Society in 1888.* Ha appears to 
support the view that in every case of coloiu- among 
carbon compounds the substance has a constitution 
which is comparable with that of quinone, that is, it 
contains a closed ring of six carbon atoms, it is 
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unsaturated, and includes two bivalent groups in 
either the para or ortho positions relatively to each 
other. The hypothesis requires to be somewhat 
elastic if applied to such cases as some of the 
coloured^ hydrocarbooa and to such a compound as 
iodoform, which contains only one atom of carbon. 
There has been much manu&cture of hypothesis in 
connection with this question of the production of 
colour, but the assumption of quinonoid structure in 
one of the components entering into the constitution 
of many dye stufls is still in favour with many 
chemists.' 

The production of coloured salts by certain colour- 
less acids, violuric acid for example, represents 
another class of changes in which isomerisation 
must be admitted.* 

Tumii^ fix>m the production of colouring matters, 
a survey of the applications of "organic" chemistry 
to useful purposes reveals such a variety and wealih 
of material that the pages of no sin^^e book could 
contain even a superficial sketch of the whole. And 
it is not possible, therefore, in this place to do more 
than point out the most important of the directions 
in which the greatly enlarged knowledge of these 
modem times has been applied. 

The arts of peace and of war have alike profited by 
the discoveries of the chemist. In medicine the 

' See, for example. Green, /ourn. Chtm. Sue., 103, 92e (1913).' 
■ See also U. A. Whitele;, Journ. CKenu Soe., 11, 1(M0 (1900), wid 
83, 24 (1903). 
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physician is now provided vith a bewilderii^ host of 
new agents. The introduction of antiseptics by Lister 
produced a revolution in the practice of surgery aa 
great as that which resulted from the use of the anses- 
thetics by which pain is abolished, and both these 
classes of agents are obtained from the laboratory of 
t^e chemist. And now we have a choice of a great 
variety of chemical compounds produced by synthe- 
tical processes, and of which the physiological action 
has been more or less completely investigated and 
shown to be applicable to the treatment of dis- 
ease. It is only necessary to recall a few out of 
the scores of substances which have been pro- 
posed for use. Among antipyretics there are anti- 
febiine (acetanilide, CgH,.NH.C,H,0), phenacetine 
(aceto-pMa-phenetidine, CgH,(OCjHj).NH.CjHjO), 
and antipyrine or phenazone {phenyl-dimethyl- 
isopytazolono, CH - CO 

II > N.C^^. 

aCH,-N.CHy 
Among anodynes and hypnotics there are paraldehyd 
(C^OO, chloral (CC1,.C0H) and its combina- 
tions, sulphonal (dimethyl-metbane-diethyl-sulphone 
(CH,),C(SO,CfH()j), and othera Among anteathetics 
there are not only the long &miliar chloroform and 
ether, but many substances of value for the produc- 
tion of local insensibility to pain. Of these, the 
alkaloid cocaine and its various derivatives and 
substitutes are the most remarkable. The employ- 
ment of antiseptics has extended beyond the 
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application mads by the surgeon in ike tteatmaat of 
wounds, and the sanitarian as disinfectants, to the 
preservation of milk, meat, fish, and various other 
articles of food, until it has now become a question 
whether the use of these subatancee in an iudis- 
mmioate manner may not before long require more 
serious l^iBlative restriction. 

The use of explosives is not now confined to their 
application to warlike purposes. The discovery of 
nitro-glycerin * and its employment in the form of 
" dynunite " have contributed in no small degree to 
the aaaiatance of work which makes for peace, in 
road and tunnel making, in quanying, in ahattering 
rocky obstructions in rivers, and generally to the 
purposes of the engineer. Nitro-glyoerin is a colour- 
less heavy oil which at low temperatures freezes into 
a crystalline mass. When first used in the liquid 
state, under the name of Nobel's txplosive oil, many 
accidental explosions occurred, but in 1867 Al£-ed 
Nobel* hit on the valuable idea of rendering it at 
once more ea^y portable and less dangerous, by 
incorporating it with a certain proportion of kiesel- 
guhr, a fine silicious earthy material. The product, 
a stiff solid, has since been used under the name of 
dyncvmite in ever increasing quantities. The najne 
dynamite is now also applied to certain other mix- 
tures, containing nitro-glycerine, in which the kiesel- 
guhr is replaced by charcoal or other solids. The 

■ By A. Bobrero. Cmnpt. Rttid.. 24, 247 (1S47). 
* Bnglisb Fatent, t34B (1S6T). 
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ahattering power of dynamite renders it leas useful 
than old-&shioQed gunpowdw in mines and quairies 
where the " getting " of the stone or nuneral is the 
object in view. 

Discovered by Pelouze about 1838, gun-cotton is 
also a &mous explosive ; but the difficulties attending 
its manufacture and storage at first interfered with 
its production on a lat^ scale, while the rapidity of 
its explosioD, as compared with that of the old black 
gunpowder, prevented for a long time its use for 
artillety purposes. By attention to certain details in 
the purification of the cotton, both before and after 
its immersion in the-oitric acid, the stability of the 
product is now insured ; and by mixing it with other 
nitrates, and with various combustible, but not 
exploaible, substances which serve to Hirnininb the 
rapidity of its combustion, and so damp the viol^ioe 
of its action upon the gun, ezploeives are now freely 
matiu&ctured which are applicable to aportiog as 
well as to warlike purposes. These mixtures, known 
under the names of Schultze's powder, cordite, &a, 
are valued for their smokeless combustion. 

It is unnecessary to add further to the list of 
appUoations which have been made of the " chemic 
art" so &r as concerns compounds of which the 
atomic framework is composed of carbon. The 
development of the industrial production of oiguiic 
dye-stu^ drugs, antiseptics, explosives, illuminat- 
ing oils and gases, perfumes, artificial substitutes 
for natural india-rubber, ivoiy, parchment, and many 
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other tbinga fiuniliar in daily life, proceeds with 
increasiog rapidity,' and the pi^es of journals of 
chemistry are crowded with the description of new 
compounds. The fertility of the methods employed 
seems to show that for the present the commonly 
accepted views of stmctuial chemistry are sufficient, 
and will perhaps prevail for some years to come. 
There are, however, indications that ideas of valency 
require considerable modification, and when that 
modification has been agreed upon changes in formulie 
will undoubtedly follow. 

Some earlier pages of this chapter were 'occupied 
with the consideration of the successive discoveries 
by which it has been shown that many of the 
definite chemical compounds, which were formerly 
derived solely from organic sources, have been 
successively produced by the operations of the 
diemist, independently of animal and of plant. 
Anyone who attentively considers the details of such 
laboratory processes as have been described, must 
at OQce perceive that the chemist and the organism 
proceed by very different ways to the attainment of 
the same result. The methods of the laboratory 
commonly require the employment of strong chemic^ 
agents, caustic alkalis, acids, and the like, as well 
as a high temperature. The range of temperature 
within which processes of growth, of secretion, or of 
excretion go on in the plant or anunal is resected 
to a few d^rees; and the chemical changes occur 
within a medium, tiie sap or blood, the compo^tAon 
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of which is extremely complicated, and altogether 
unlike any reagent employed by the chemiat. 
Whether it will ever be possible to discover the 
precise nature and order of the changes by which 
a plant, for example, produces sugar or stuch out 
of carbonic acid and water, is a question which does 
not admit of profitable discussion in the present 
state of knowle<^e; but the study of the remark- 
able changes which go on in t^e long fa.mili<ff 
process of alcoholic fermentation has led to a great 
extension of our knowledge of one class of agents 
employed in the living organism, and a brief outline 
of the successive theories which have been advanced 
in r^ard to the nature of the fermentive process 
itself will not be out of place. As every one knows, 
wine is made from grape-juice, beer from solution of 
malt or sugar, cider from the juice of apples, and so 
forth. It is also familiar knowledge that the bever- 
ages iriiich result agree in containing alcohol, which 
is formed, together with carbonic acid, out of the 
elements of the sugar originally present in the hquid, 
and which after fermentation is much reduced, or 
altc^ther disappears. But every one does not 
know what are the conditions which are essential to 
this transformation, and what products, if any, are 
formed along with the alcohol and carbonic acid. 
Thanks to the researches of Pasteur, these condi- 
tions are now pretty well established. A solution 
of pure sugar in water may be kept without change 
for an indefinite length of time, but if to this liquid 
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is added a minute amount of a phosphate, together 
with a little nitrogeDoua matter, even in the inorgiuiic 
fonn of an ammonium salt, fermentation will set in 
almost immediately on addition of a small quantity 
of yeast, or, after a loi^r and variable interval of 
time, if the liquid is exposed freely to the air. If 
yeast has not been added, it will nevertheless be 
found in the liquid as soon as fermentation has 
manifestly commenced, and its presence has been 
traced to the admission of stray yeast cells or qoores, 
vhich are now known to exist along with other 
organisms, in oountleBS oumbera, floating in the air. 
During the process the temperature must not be 
allowed to fiidl below about 40° F., nor to rise much 
above 80° F. 

The destruction of the sugar is indicated by the 
gradu^ loss of sweetness by the solution, carbon 
dioxide gas makes its esct^ with effervescence, and 
the liquid retains alcohol with a small quantity of 
amyl and other alcohols (fousel oil) and succinic acid, 
which ue always produced from the action of the 
yeast on the proteins present in small quantity in 
the raw materials. A little glycerin is also formed, 
the source of which is uncertain. If a definite 
amount of yeast has been added, it will be found 
to have increased in quantity, and the cells of which 
it is composed show under the microscope the 
process of multiplication by budding. 

Reduced to it< simplest form, this is the phaoo- 
menon exhilnted during the diange of tmet, vegetable 
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juices into vine, an art which bus been practised 
from the earliest times of which tradition brings us 
an account. Notwithstanding its great antiquity, 
however, no definite knowledge concerning the 
nature of the process was secured until times well 
within the period to which this book refers, and 
although various theories were propounded at suc- 
cessive periods, from alchemical times onwards, they 
were for this very reason all be^de the mark. The 
changes which have occurred within the last fifty 
years in the hypotheses relatii^ to alcoholic fermenta- 
tion, haTs been brought about in consequence of 
the gradual recognition of the essential part played 
in the process by the yeast which is always present. 

Of the several theories in the field forty years 
ago, the most generally accepted was that of Liebig. 
Ri^arding yeast merely as a putrescent mass, be 
supposed the peculiar state of atomic motion, 
hypothetically prevailing in all substances in that 
condition, to be transmitted by contact with the 
sugar to the atoms of that compound, which were 
thus shaken asundw so as to give rise to new 
products more stable dian itself. This kinetic idea, 
not objectionable Id itself, but only because it paid 
no legaad to established fects, Liebig maintained in 
some form or other to the end of his Ufe. But in 
science fact stands before authority, and notwith- 
standing the influence of the great German chemist, 
his theory was on the point of being finally over- 
thrown at the very time when, at the head of one 
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of his celebrated Lettetv on Chemistry he vas 
dectaring the "theory which ascribes fermentation 
to fungi refuted." ^ For in 1857 Pasteur began the 
long series of researches on fermentation upon vhich 
so largo a part of his great fame rests. BenTing 
almost forgotten observations of Cagniard de la lour* 
and of Schwann,' who had established the true nature 
of yeast as a unicellulsr organism of spheroidal form, 
invariably associated with alcoholic fermentatitn, and 
the life and fermeutive activity of which vas de- 
stroyed by heat, Pasteur completely established l^e 
vitalistic theory of the process. According to t^is 
doctrine the change of sugar into alcohol and carbonic 
acid is a consequence of the multiplication in the 
solution of the cells of the yeast which, for the purposes 
of its own growth, apparently uses the sugar as its 
food ; while the alcohol and carbonic acid are to be 
r^;arded as excretory products, the various by- 
products resulting either from changes in the nitro- 
genous matters accompanying the sugar or partly 
as the result of metabolism in the constituents of the 
organism itsell Here is, then, an example of chemical 
changes which accompany the development of a 
specific oiganism under certain definite conditions. 
If the organism is changed, or the conditions an 
changed, different effects ensue. 

> Foortb edition, 1SE9, LettemL 

■ " Uteoin loi Im FeTmentatfoti TineuM," -inn. CKm. Pkj/i., 68, 
306 {1S8S). 

' "Tsniiohe Qb«r d. WeliigUinmg oud IHqIuIm," Pogg. Ann., 
41. IM (18S7). 
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But the decomporation of sugar into alcohol and 
carbonic acid is not the only change which may 
be spoken of as fermentation. The lactic ferment 
is another oiganism more minute than yeast, and 
presenting a different rod-like form, which has the 
power of changing sugar into lactic acid. In this 
case the action soon comes to an end if the liquid 
is allowed to become acid, but this is easily prevented 
by stirring into the liquid a sufficient quantity of 
chalk, which neutralises the acid as &8t as it is 
produced. A third organism is endowed with the 
specific function of breaking up lactic acid into 
butyric acid, carbon dioxide, and hydrogen. In this 
case a peculiarity of the process conaste in the &ct 
that the presence of air is unfavourable to the 
development of the organism, and is even capable 
of suspending the process of fermentation. In like 
manner it has come to be recognised that a con- 
siderable nimiber of changes, formerly supposed to 
be purely chemical, are brought about by the influ- 
ence of minute cellular organisms, some of which are 
known as bacteria {fiaxrripia, a stick or staff) or bacUli 
(bacUlum, a little stick), from their cylindrical, rod- 
like, or spindle-shaped forms. 

The vitalistic theory of fermentation connects the 
chemical changes, of which alike the materials and 
the products have in many cases long been known, 
with the existence of certain lowly forms of life. 
The presence of these organisms in contact with the 
liquid, under proper conditions, determines the de- 
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composition which in their absence does not take 
place. This theory was practically established by the 
researches of Paateur by the year 1861, and though 
in some minor particulars further knowledge is very 
desirable, the recognition of the main principle has 
been attended with consequenoes of importance so 
great as to be inestimable; for by means of these 
earUer discoveries Pasteur was led to the still more 
valuable pathological investigations which followed 
continuously down to the close of his life. To say 
that Pasteur effectually and finally disposed of the 
doctrine which affirmed the possibihty of spontaneous 
generation, and that from the organic theory of fer- 
mentadon he waa led to the " germ theory " of disease, 
is to repeat what is familiar to all the world ; but 
it is not possible in this place to follow the course 
of the marvellous discovsries connected with the 
chemical and physiolc^cal effects of micro-oiganisnis, 
or ferments, as they may all be called. And refer- 
ence is made to this subject only in order to lead 
back to a series of fitcts whioh have gradually come 
to light concerning the chemical properties and re- 
actions of certain nitrogenous constituents of tuiimat 
and of v^;etable tissues. The compounds referred 
to are soluble in water, are coagulable, and in any 
case rendered inert by the application of heat, as 
well as by contact with strong chemical treats. 
Such compounds, which doubtless originate in some, 
at present mysterious, change in the "protoplasm," 
or living substance, are endowed with t^e power of 
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other compound into simpler material. They are 
generally referred to as &jwy7M8, or somMimes ksB 
appropriately aa soluble ferments. These substances 
are very widely diffused in both the animal and 
vegetable kingdoms, and many of them ue concerned 
in processes which have been long Euniliar. Thus 
it has been known for a century or more that malt 
coDtaina a soluble material to which the name 
dwutow has been given, which has the power of 
rendering starch soluble in water by converting it 
into a kind of sugar. One of the most finmilifff of 
enzymes is the substance contained in rennet, a 
fluid obtained from the stomach of the calf, which 
has the power of coagulating the casein of milk, and 
is fer this purpose employed extenMvely in the manu- 
bcture of cheesa It has also long been known that 
sweet and bitter almonds in the dry state are both 
without special odour, but that when the bitter 
almond is crushed in the presence of water, the 
characteristic volatile essence, consisting of benzol- 
dehyd, b^ins immediately to be formed. It was 
lieb^ who discovered that the bitter almond con- 
tains a crystalline substance, amygdalin, C^H^NO,,, 
which, in contact with a peculiar soluble albuminous 
matter existing in botii sweet and bitter ahnonds, is 
resdved by the assumption of the elements of water 
into glucose,' pruseic acid, and benzatdehyd. The 
pungent oil of mustard is developed in an entirdy 
omilar vray. In the " pepein " of the animal 
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stomach there is another example of a soluble 
enzyme, which in thia case is specially active in 
causing the d^p-adation and simplification of the 
complex albuminoidB of food, converting them into 
soluble materials called "peptones," which probably 
pass- directly into the blood and are asmmilated. 
Great attention has been given of late yoara to the 
recognition of these enzymes, and to the atudy of 
the changes which they bring about. Their re- 
markable activity is stUl a mystery, but the rapidity 
- and energy of their special ef^ts are often greater 
than the correspondtDg effects produced by the 
recognised chemical agents of the laboratory. 

It has be^i stated that the peculifu* function of 
these compounds ia " hydrolytio " ; that is, they are 
believed to act by causing the addition of the 
elements of water to a great variety of compomids 
which are then resolved into simpler molecules. 
This does, indeed, appear to be the usual mode of 
action exercised by these remarkable and complex 
substances. Nevertheless there is evidence that in 
some coses at any rate the process is reversible, in 
the same sense that so many other chemical changes 
are reverable, in consequence of the interfering in- 
fluence of the accumulation of the products of change. 

Cane sugar under the influence of an enzyme 
extracted from yeast yields " invert sugar," a mix- 
ture of equal numbers of molecules of glucose and 
fructose: 

CnHaO„+H,0=C,HuOB+C,HuO,. 
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Maltoee, which is isomeric with cane sugar, splits 
under similar conditions into two molcules of 
glucose: 

It has been discovered ^ that this process in the 
case of maltose is hindered by adding glucose to 
the liquid, and that when the enzyme is added to 
a strong solution of glucose some of it is converted 
into maltose. Whether a solution of maltose or 
a solution of glucose of the same concentration is 
employed, the tendency is to the production of a 
state of equihbrium among the products of the 
change, so that the liquid ultimately contains 
maltose imd glucose in the same proportions to 
each other. 

But some of these soluble enzymes appear to be 
capable of acting in an altogether different way, 
for it has been found by E. Buchner * that yeast cells, 
when ruptured by grinding with sand and a little 
water, yield a liquid which, after filtration, has the 
power of producing the fermentation of sugar, 
although it appears to be quite &ee from yeast cells. 
The soluble substance, zymase, so obtained is 
apparently allied to the proteins, (md its power is 
destroyed by heating to about 50° C, whereby an 
albuminous substance is precipitated. It may, how- 

> A. C. Hill, " Barenible Z;iiioh;diol;Hu," Joarn. Chmt. Sue, 78 
(1S98), p. 634; "Ravenibllltj of Enzjme or FenDoat AqUod." 83 
(1903), p. 678. 

" " «. 80, U7 (1887). 
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erer, be evaporated to diyneas imd redissolved in 
water without destruction of its activity, provided 
the temperature has not been allowed to rise 
too high. 

We cannot doubt that substances of the nature 
of enzymes are generated abundantly in the tissues 
of both plants and animals, and that the secretions 
which are so intimately associated with the opera- 
tions of digestion and other functions of the body, 
owe their special characters to the presence of 
peculiar substances of this order. There is also very 
little doubt that they are very similar in composi- 
tion, in constitution, and in chemical properties, and 
probably they have a similar, or nearly similar, 
origin ; but of their differences we know practically 
nothing, except by observation of their different 
effects ; and as to their origin and modes of action, 
there can be in the present state of knowledge 
nothing beyond conjecture. That they are also 
connected with the manifestation of disease there 
is great probability, and Jenner's great discovery 
and Pasteur's extension of the same principle, in- 
volving the use of attenuated or modified virus to 
neutrahse the effects of the morbid secretions in 
the body, are doubtless dependent upon the special 
chemical effects of complex substances having the 
character of enzymes. 

But here we reach the borderland where chemistry 
and physiology meet. Each has something to learn 
from the other. The chemist finds in the enzymes. 
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which for tiie preeent are procurable only &om the 
living organism which probably no laboratory syn- 
thesis will ever replace, agonta which are often indis- 
pensable in his study of the more complex carbon 
compounds. The physiologist, on the other hand, 
must acknowledge that structural chemistry has 
given him the clue to many otherwise inexplicable 
transformations taking place in the body; while the 
pharmacologist and Hie physician, who are &roiliar 
with the history of the scientific labours of Pasteur 
&om beginning to end, will admit that the discipline 
of the chemical laboratoiy is no bad preparation for 
the business of the scientific pathologist 
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rapidly followed one another ; spontuieoua generation, the 
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took the degree of M.B. This poet, however, he relinqnished 
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In 1872 he became Proteaoor of Chemistry in Queen's Collie, 
Cork, and this he retained till his retirement in 1891. 
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CHAPTER VII 

THE OBIGIK OF STEEEO-CHEMISTRy — CONSTI- 
TDnONAL FOBMUL£ IS SPACE 

When a ray of light passes through a crystal of 
Iceland spar it exhibits the familiar pheQOineDoii 
of double refraction; that is to aay, the ray in 
entering the crystal divides into two rays, which 
emerging separately, give rise to two distinct images. 
These two rays ore polarieed at right angles to each 
other. Light may also be polarised by reflection; 
in that case, one half the light is reflected, the other 
half passes into the reflectii^ surface, and is either 
stopped and ceases to produce' the effect of light, 
or it is transmitted. 

The discovery, however, which in coimection with 
the subject about to be discussed possesses the 
greatest interest, was made early in the nineteenth 
century by the French physicist Biot. He found 
that a ray of light polarised in one plane has that 
plane twisted to the right or to the left in passing 
through certain substances of organic origin, such 
as si^ar, camphor, and oil of turpentine when in the 
liquid stata He also observed that the angle of 
rotation of the plane of polarisation differs in dif- 
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ferent substances, and is directly proportional to 
the thickness of the layer of transparent substance 
through which the ray passes. 

Now there are two classes of materials which 
have ihe power of rotating the polarised ray. 
Ciyst^UnA-sdlida, such as quartz or sodium chlorate, 
represent one class, and the optical power which they 
possess in the solid state is lost when they are 
liquefied by Aision or solution in a solvent. In 
such cases it would appear that the optical activity 
of the crystals is attributable to a pecuharity in the 
arrat^^ement of their molecules one upon another, 
and not to any want of symmetry in the internal 
constitution of the molecules themselves. The other 
class includes those substances already mentioned, 
which exhibit their characteristic properties in the 
liquid state. In such cases it is fiur to infer that 
the arrangement of the molecules has nothing to 
do with the phenomenon, which must be due to a 
peculiarity inherent in each molecule. 

Common tartaric acid, obtained from the " tartar " 
deposited in the fermentation of wine, when dis- 
solved in water rotates the polarised ray very 
strongly to the right Its salts have the same 
property in different decrees. But the tartar got 
from grapes grown in certain districts (it was origin- 
ally observed in tartar from the Yosges) yields an acid 
called racemio acid, which, while agreeing with tartaric 
acid in compositioD and in general chemical pro- 
perties, differs from it in being optically inactive, for 
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a rg.y of polarised light passes through a solution of 
the acid, ' or of oue of its salts, muiltered. Bacemic 
acid, however, has been shown to consist of a mix- 
ture of two kinds of tartaric acid in equal quantitiea, 
and having equal but opposite effects on the polarised 
lay. Further, the property of rotating a polarised 
ray to the right or to the left is associated in crystal- 
Hsable substances with a pecxUiarity of crystalline 
habit, in consequence of which they produce crystals, 
the fundamental form of which is modified by the 
development of small fitces on one aide or other of 
the ctystals. When the sodium ammonium racem- 
ate is dissolved in water, and the solution is con- 
centrated so as to deposit crystals, these ciyatals are 
found M be of two kinds, distinguished from each 
other hf the position of the henuhedral faces re- 
ferred to; some having these &ces disposed on 
one side of the prism, and some— an equal number 
— on the opposite mde, so that the two fonns 
differ from each other only as an object differs 
&om its image in a mirror, or as the right hand 
from the left. Consequently, such forms are not 
in any position superposable on one another. On 
separating these crystals, some will be found to agree 
with the crystals formed under similar circumstances 
&om common tartaric acid, and like these, to turn 
the plane of polarisation to the right. The others 
having similar &ces, but on the other side of the 
crystal, turn the plane of polarisation to the left, 
and the acid recovered from these crystals presents 
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a corresponding property. Common tartaric aci<Z, 
being called dea^ro-tartaric acid, the complementary 
compound is called tevo-tartaric acid ; mixed u>- 
gether in equal quantitiea they reproduce racecoic 
acid. Many similar cases are nov knovn. 

The discoTety of all these important facts is dae to 
Pasteur. Having been attracted at a very earl^ age - 
to the study of crystallography, he was led to repeat 
an examination of tartaric acid and the tara^tes, 
published by De la ProTOStaye many years preriously. 
In the first of a aeiiea of memoirs, in which he 
describes his observations and experiments en the 
relations subsisting between crystalline form, chemical 
composition, al^d direction of rotatoiy polarisation, 
he found that while common tartaric acid utd all 
die common tartrates exhibit hemihedral forms in 
their crystals, and that the hemihedrism is always 
of the same kind, in paratartaric (racemic) acid and 
its salts hemihedral forms could not be detected. 
In the examination of these compounds he made 
the capital discovery already referred to. It will be 
worth while to quote his own words, written in 1848 : 
"Lorsque j'eus dgcouvert lli^niddrie de tous les 
tartrates Je me hdtai d'^tudier avec soin le para- 
tartrate double de soude et d'ammoniaque ; mais je 
vis que les facettes t^traedriques correspoodant & 
celles des tartrates isomorjdies, ^taient plac^es rela- 
tivement aux faces principales du cristal, taotdt & 
droite, tantdt k gauche, sur les di^rents cristaux 
que'j'avais obtenus. Frolong^es respectiveraent ces 
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fecettes donnuent les deux t^traMrea sTia^triques 
dont nous parlions pr^c^emmeiit. Je s6paxai avec 
soin les cristoux h^middres k droite, lea cristaux 
h&ui&dres k gauche; j'obserm s^pai^mrat leurs dis- 
solutions dans I'appareil de pol&risation de M. Biot, 
et je TJs, avec 'surprise et bonheur que les cristaux 
h^mi^dres k gauche d^viaient k gauche le plan de 
polarisation. . . . Les deux espices de cristaux sent 
isomorphes et isomorphes avec to tartrate corre- 
BpAodant; mais Tisomorphisme se pr^seote "ik avec 
une particu^rit^ jusqu'ici sans exemple ; c'est I'iso- 
morphiam de deux cristaux diasym^triques qui se 
r^ardent dans un miroir." ' 

Pasteur was, of course, not content to let his 
investigations stop here. He proceeded to investigate 
the question whether the connection between rota- 
tory polarisation and hemihednd ciystallisation are 
in all cases connected together; in fact, whether 
from observation of the one property the other may 
always be predicted. These inquiries led him to 
the experimental study of a number of substances 
other than the tartaric acids, among the rest the 
important vegetable principle aspar^ine, which is 
obt^nable from the juice of a number of plants, 
auch as asparagus, marshmallow, and various species 
of l^uminosse, especially, as shown by Pasteur, the 
juice of vetches blanched by exclusion of daylight. 
Having assured himself of the hemihedrism of the 
crystals of asparagine, Pasteur proceeded to examine 

I Aim. Chim., 3td mHu. 24, 4GG (1848) 
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the action of a solution of this subatance on the 
polariaed ray, and found that when disBolTed in 
TAter or alkalis it deviates the plane of pol&risataoD 
to the left. At this time only one kind of asparagine 
was known, but so confident was Pasteur in his 
belief in the correctness of the principles deduced 
from his observations on tartaric acid, that he did 
not hesitate to predict the discovery of a comple- 
mentary dextro-rotatory form, such that between 
theae two kinds of asparagine the same rolation 
would be found to exist as between righU and left- 
handed butane acid.^ Dextro-rotatory and inactive 
asparagine have, in fact, been since discovered. In 
the examination of one of the formates, the strontium 
salt, he encountered a different phenomenon. In 
this case, while the crystals exhibit hemihedrism, the 
two opposite forms are always simultaneously pro- 
duced; fmd when the ciystals are separated, neither 
the right-hand nor the left-hand form dissolved in 
water exhibits imy rotatory power. Moreover, while 
the dextro-tartrate or Ifevo-tartrate, when recrya- 
tallised, never yield crystals of the opposite form, 
the formate, whether dextro or leevo, always gives 
a mixture of both kinds of crystal.* The explana- 
tion of the difference between these two cases was 
supplied by Pasteur himself. He says,* "Les faits 
pr^c^dents conduisent k supposer que I'h^mi^drie du 
formiate de strontiaue ne tient pas k I'aiTangement 

> Ana. Okin., 3rd aeries, 31, T2(lSGt). 
• Loc. eit., p. 100. ' Zoo, eil., p. 101. 
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des atomes daaa la molScule chimique, mais h 
ranaDgement des molecules physiques dans le distal 
total, de telle mani^re que la structure cristalline 
une fois disparue dons I'acte de la dissolution U 
n'y a plus de dissymStrie ; k peu prhs comme si Ton 
conatrujaait un Edifice ayant la fonne ezt^rieure 
d'un poly^dre qui oSrirait I'tUimidrie non auperpos- 
aile et que I'ou d^tniirait ensuite." 

It appears, then, that if a substance in the liquid 
form possesses the power of rotating the polar- 
ised ray, it will produce in crystallising hemi- 
hedral forms* which are not superposable, and 
which have the mutual relation of an object and 
its image as seen in a mirror. On the other hand, 
optical activity cannot be inferred for the liquid 
state £rom the existence of hemibedral ctystalline 
forms. 

The first to perceive the connection between all 
these phffliomena and the question as to the internal 
structure of molecules possessing such peculiarities 
was Pasteur himself; and so &r back as 1853 he 
was able to imticipate to some extent the views 
accepted later by all chemists. If in two substances 
composed of the same elements, imited in the same 
proportions, and having the same chemical pro- 
perties, wo can perceive only the two differences 

* In ionie ol tfaeM eaam the hemihsdral fonn onJy makea Its 
uppeaimDce when a partlcalar oonditlon 1b sstablished tn the aolu- 
tion. Tfam FastunT himself showed that oaldnm bimttlkte ci^Mml- 
licet In hemlhednl fonn* from tiitrio aold bnt not from mter. — 
itm. Chim., 3rd seriei, 38, 437 (1B63). 
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already deacribod (iA direction of rotation and 
hemihedral crystallisation), and in many cases only 
one of tliem, namely, the optical activity, we are 
driven to the conclimon that their peculiarities must 
be connected with some peculiarity of construction 
in the molecule. The atoms composing the mole- 
cule in one of these compounds must be arranged 
in some way which is repeated in the other, but 
in. inverse order, so that the two would be related in 
the same way as an object and its image in a, mirror. 
"Are the atoms of the dextro-acid grouped on the 
spirals of a right-handed helix, or placed at the 
solid angles of an irregular tetrahedron, or disposed 
according to some particular asymmetric arrange- 
ment ? " If dextro- or Isevo-tartaric add is com- 
bined with some substance, such as potash, amnumia, 
aniline, which is inactive, and hence devoid of 
asymmetiy, the inactive substance affects to the 
same extent the activity of both varieties of the 
acid; but if the two acids are combined with an 
active substance, such as t^e alkdoid dnchonine, 
Pasteur found that a pair of compounds results 
which differ in form, in solubility, and in other pro- 
perties. While in the one case the rotatory power 
is the sum of the rotatory powers of the add and 
the base, in the other case the rotatory power of the 
compound is the difference between the two. On 
these facts Pasteur based a method which has been 
since freely employed for the separation of the con- 
stituents of racemoid compounds. If racemic add. 
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for example, be saturated vitb the actire base cin- 
ohonicine, the first crystals obtained from the solution 
consist of pure cinchonjcine Isevo-tartrate, ■while the 
whole of the dextro-tartrate remains in the mother 
liquor, and can afterwards be obtained in forms 
distinct from those of the Ueyo-tartrate. 

The ideas put forth quite clearly, but in general 
terms, by Pasteur were long afterwards developed 
into a definite theory of structure, which forms the 
foundation of that large department or aspect of our 
science which is called Stereo-chetn/iatry, or chemistry 
in space of three dimensions. 

But while the merit of creating the basis of this 
system of ideas, by providing Uie &cts and showing 
clearly the direction in which further investigation 
should travel belongs to Pasteur, it is only Just to 
recall the &ct that the necessity for a theory of the 
kind was perceived long before Pasteur's researches 
gave the clue which led ultimately to the conception 
of the doctrine of symmetry and a^nmuetry in 
carbon compounds. 

The fundamental idea of stereochemistry arises 
immediately out of the doctrine of atoms. Dalton 
himself and others of his time, promoters of the 
atomic system, were led to consider, though without 
giving the subject much attention, the question of 
the arrangement which united atoms must occupy 
in space. Baton's diagrams (Ckffmioal Pkiloaophy, 
Fart I) represent all the atoms lyii^ in one plane, 
but the question was raised very definitely by 
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Wollaston, so early as 1808, at the conclusion of a 
paper in which he brought forward ezperiments in 
support of the atomic doctrine.^ He says, "I am 
further inclined to think that when our views are 
sufBciently extended to enable us to reason with 
precidon oonceming the proportions of elementary 
atoms, we shaJl find the arithmetical relation alone 
wiU not be sufficient to explsdn their mutual action, 
and t^t we shall he obl^ed to acquire a geometrical 
conception of their relative arrangement in all the 
^ee dimensions of solid eztendon." But after 
giving some examples of possible arrangements, he 
goes on to say that as this geometrical arrangement 
of the primary elements of matter is altc^ether conjec- 
turf^, it must rely for its confirmation or rejection 
upon future inquiry, and he adds, "It is perhaps 
too much to hope that the geometrical arrangement 
of primary particles will ever be perfectly known." 

Leopold Gmelin seems to have been more in- 
clined to be hopeftil, for in 1848 we find in his 
great Htvndhook of Orga/nic Chemiatrj/ (voL L, 
Cavendiah Society PvMicaiions) : " Su^estions re- 
specting the Relative Position of the Elementary 
Atoms in a Compound Organic Atom, assuming the 
truth of the Nucleus Theory." " Nearly all chemists," 
he says, "adopt the Atomic Theory. They deter- 
mine the relative weights of the atoms, and their 

' "On Snpencid and Snbsoid Salta," b; WUlimm HydeWoUa*- 
ton {Phil. Tratu.. 68 (1808), pp. 96-102). Repriotod by Alembic 
Club, No. 2. 
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relative distances one from the other, or the relative 
space occupied fay each atom of the comfained 
substances, including the surrounding calorific en- 
velope; hypotheses are also made respecting the 
form of the atoms, &c. Why, then, should we not 
likewise throw out suggestions with regard to their 
relative portions?" This he proceeds to do, snd 
with the aid of certain d> priori principles, he arrives 
at the conclusion that potassium sulphate, for ex- 
ample, must have the form of a double four^ded 
pyramid, that ethylene has probably the form of a 
cube, alcohol and acetic acid other forms. All 
these forms, however, require the assumption of a 
certain number of atoms in each molecule which 
would be dependent upon the atomic weights as- 
signed to each. As these have in many cases been 
changed since Gmelin's time, his assumptions neces- 
sarily fall to the ground ; faut the arguments employed 
are interesting, as affording an example of an early 
and serious attempt to attack problems of this kind. 
At the conclu^on of the discus^on he continues as 
follows : " Even tf the data of this investigation are 
defective or erroneous, I am yet convinced that all 
theories on the constitution of organic compounds, 
and fdl controversies as to this or that mode of 
writing rational formula, if not supported by a 
plausible arrot^ment of the compound atom, will 
aid UB but little in the acquiaatiou of correct ideas. 
Look, for instance, at the controversy respecting the 
constitution of ether and alcohol between Dumas 
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and Boullay on tbe one side, and Berzelius and 
liebig on the other. Accwrding to the former, ether 
is a compound of etheiine with water=C^H^Aq, 
and alcohol = C4Ht2Aq ; according to the lattw, the 
hypothetical radical ethyl=CtHB forms with the 
oxide of etJiyl=etber; and this with the addition 
of lAt. water forms the hydrated oxide of ethyl 
=alcohol=G4HfO+Aq. Now, on comparing these 
views with the explanation given, it appears probable 
that neither of them is right. At all events, neither 
ether nor alcohol can be supposed to contain water 
ready formed. They are not hydrates ; if so, they 
would surely give up this water to burnt lime or 
baiyta, which, however, is not the case. Neither is 
ether converted into alcohol by solution in water. 
On the other hand, ethyl is a fictitious compound, 
supposed to combine like a metal with oxygen and 
with chlorine, forming compounds analogous to the 
metallic oxides and chlorides. Thus hydrochloric 
eth8r=C^HBCl ( = C.H,a,Hy(?m) is r^arded as 
chloride of ethyl ; but it does not precipitate ulver 
solutions, &C." 

Long afterwards, in 1872, the study of the 
lactic acids led Wislioenus again to perceive that 
the then existing conceptions of atoms and their 
union together were insufficient to explain the 
bets, and to suggest that they might be accounted 
for "durch verschiedene Lagerung ihrer Atome im 
Kaume."' But there the matter rested till the 

> Aitn. Cftun., 166. 8 ! 167, 303, 346. 



p:hy Google 



vnl van't HOFF AHD LE BKL 241 

theory of Van't Hoff and Le Bel was enunciated two 
years later.^ What Tan't Ho£f and Le Bel dis- 
ooreied was the remarkable &ct that, in carbon 
compounds whic^ exhibit the property of rotatii^ 
the polarised ray in either direction, the molecule 
in every case contains at least one atom of carbon 
combined in four different ways; that is, havii^ 
its four units of valency occupied with radicles 
of different composition, and therefore usually of 
different combining we^hts. Thus in succinic acid, 
an example of an optically inactive compound, there 
are four atoms of carbon, the affinities of which are 
disposed of according to the order displayed in the 
following diagram : 

Sdccihic Acid. 

H H O 

II I I II 

H-O— C -C— C-C— O— H 

I I 

H H 

In chloro-succinic acid, we have a compound in 
which the carbon atoms are linked tc^ther in the 
same order, but one of them has exchanged an atom 
of hydrogen for an atom of chlorine : 

> Toordtl let uitbrtiiUng der ttruUmirformulei in de ruiaUe, ptun- 
phlet published bj J. H. Yan't HoS, Sept. 1874 : repabli«hed ■atAai 
the UUb i^ur lu /omufei dt ttnteturt daiu Vapaee. Arduxet Uttr- 
land, B, 1S74, pp. U&'4M; BuOttin Soe. Chim.. Faris, 23, 18TB, pp. 
39&-S01. 

Sur Ul rttationt jui entUnC tntrt let fomuiU* a^tmiqiu* da eorpt 
organiqua, et le petnoir rotatinrt dt Uart diitaliitieni. By J. A. Le 
B«l, BtiOetin Soe. Chim.. Pari*, 22, 1874, pp. 33T-S4T. 
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CaLORO-SUCOtNIC Ac^p. 

H CI 

II I I II 

H— O— 0— C-C— C-O-H 

H H 

Id this molcuie, then, one atom of carbon is attached 
to four different atoms or groupe, for it is united to 
(1) H. (2) (CI), ,(3) CHj, and (4) CO.O. This com- 
pound is known in two optically active forms, which 
show the same kind of relation to each other which 
has already been observed in the case of tartaric 
acid. 

Ttularic acid itsdf conttdns two atoms of carbon 
in the same kind of condition, each united with 
(1) H, (2) OH, (3) CH,, aad (4) CO.O. To explain 
the effect of this upon the optical properties of the 
compound, a further hypothesis is required. In f^l 
the early speculations regarding the nature of atoms, 
it seems to have been assmned, as it was by Dalton 
and Wollaston, that the "virtual extent" of each 
atom is spherical. Since that day several other 
hypotheses have been su^ested concerning the 
natin% of the atom, of which one of the most im- 
portant was Lord Kelvin's notion of vortices ; and it 
will be obvious to every one who coodders the sub- 
ject, that our views of t^e process of chemical 
combination must be senously affected by the idea 
in the mind of the form and nature of the atoms 
supposed to be in the act of union. 
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The idea which has proved most fertile is one 
which appeared for the first time in a paper by 
Kekul^ in 1867.' At Chat time he was still engaged 
in the elaboration of the great doctrine of the link- 
ing of atoma, of which, as already shown (Chap. Y), 
we owe the chief development to his insight. And the 
use of models, al well as of " graphic " formute, was 
beginning to be freely practised by the more ad- 
vanced chemista. At the end of a paper on the con- 
stitution of me^tytene, in a kind of supplementary 
note, Kekule pointed out that the models then most 
in favour, consisting of spherical balls joined together 
by rods, were no better than diagrams, since it was 
impossible to display combination between two atoms 
by more than one unit of valency; and, moreover, 
everything was represented as lying in the same 
plane. But by using a sphere to represent the' atom 
of carbon, and four rods to represent its four afiinities, 
placed in the directioria offovr hexhedral aaea ending 
in the faces of a tetrahedron, these difficulties could 
be got over, and two such models placed tc^ther 
could be used to represent union by one, two, or 
three units. Van't Kofi* adopted and has pursued 
with most brilliant success the consequences of this 
remarkable idea.* 

' ZeiUehriftf. Chem. (1867), N.F. lii. 217- 

■ For detail! concerning the veriflcalion of tbe tbeoi;, >Dd the 
ramoTal of diffionlLiM in Its waj, uuing obiefij out of ermnooDa 
obwrratlonB, BeeVsD'tHoff'ii>ix^»nin(^ntrAut(nrecrune Thiarit, 
ot which an English edltioD has beeo prepared by Mr. J. E. Marafa, 
ClarendoD Frees. 
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An atom of carbon, then, is generally believed to be 
capable of oombining with fowr other atoms and no 
more, and is therefore said to be tetrad or quadri- 
valent. The carbon atom is supposed by this 
hypothesis to be accessible only in four different 
directions, which are representable by the four 
stnught lines which may be drawn &om the centre 
of a i^ular tetrahedron to its solid angles. The 
centre of mass of the carboD atom is supposed to be 
ffltuated at the intersection of these lines, or at the 
centre of the £gure. A model to represent such ao 
arrangement could be easily made by means of a 
ball of wood and four wires of equal length. If two 
such models be constructed, and the wires marked 
by tipping them with beads of different colours, or 
in some other way, it caji easily be shown that two 
distinct arrangements become possible. In the fol- 
lowing figures the letters a, 6, c d represent the 
atoms, all different, which we may imagine to be 
united, as in chloro-snccinic acid, to Uie same atom 
of carbon ; 



V 



v 



A consideration of these figures will show that the 
one is not superposable upon the other so that the 
same letters come together. Any change in the 
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{dane of polarisation produced by one of these struc- 
tures would be ftlso produced, but in the invOTSe 
sense, by tha other structure. The eiaot mechanism 
of this process cannot at present be described, be- 
cause we have no more positive knowledge as to the 
internal constitution of a molecule than we have of 
the atoms composing it Fasteur, as already stated, 
frequently used the analogy of a spiral with a twist 
to the right or to the left, according as the mole- 
cule poaaeased dextro- or leevo-totfttory powers. 

The use of models assists materially in the con- 
sideration of the problems arising out of this hypo- 
thesis. One of the first questions which arise relates 
to the direction in which the several valencies of an 
atom of carbon may be supposed to be exerted. If 
the direction of these be supposed to be absolutely 
fixed, Chen it can be shown that (1) two carbon 
atoms cannot unite by two bonds, nor by three, 
because that would involve the distortion of the 
atom; and (2) ttiree or more carbon atoms cannot 
unite to form a ring, for the same reason. 

Hence it seems that if the direction of the attrac- 
tions of carbon for other atoms can be determined 
at all, the line of attraction must be rather easily 
displaoeable &om the normal, or it operates some- 
what like the pole of a magnet, that is, there is a 
certain /teZd The analogy between the attractions 
of two' atoms for each other, and the attraction 
exorcised between the opposite poles of two magnete, 
at between a magnet and a piece of iron, may in 
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fact be considered as extending even further. For 
just as the presence of a mass of iron in the neigh- 
bourhood of a magnetic pole seems to absorb the 
lines of magnetic induction and so reduce the action 
of the magnet upon other bodies placed near, ao 
the addition of one element to another in chemical 
union diminishes the tendency of either to combine 
with a third element, but does not, in the majority 
of cases, absolutely extinguish this tendency. Hence 
we have what has been called "re^dual valency," 
which, whatever may be the fate of the various 
hypotheses concerning it, gives rise to very well 
marked phenomena of coTiibination. It is, however, 
usually believed that two carbon atoms may actu- 
ally be united by two or more unita of valency, but 
that in all such cases the combination is not only 
not more secure, but is decidedly more easily broken 
up than where one bond only of each is employed. 
To account for this difference, so contrary to what 
might be at first sight expected, two chief hypotheses 
have been proposed. The first, which originated 
with Yon Baeyer,^ is based upon the same hypo- 
theEos with r^ard to the carbon atom as that of 
Le Bel and Van't HofiF. If the valences of the 
carbon atom act along the lines drawn from the 
centre to the sohd angles of the rc^^ular tetrahedron, 
these lines form with each other angles of 109° 28'. 
If two carbon atoms are ao situated towards each 
other that two valencies of each are imited to- 

' Ser., 18. 8277. 



p:hy Google 



Vn] CONSTTTDTION OF CABBOH BIHQS 247 

gether so that the diractions of the two are 
parallel to each other, each is turned out of its 
normal position by an angle of 54° 44'; and if two 
carbon atoms are similarly joined by three unita of 
Totenoy, each of these must deviate 70° 82' from ita 
normal position. It is known that combination by 
double or triple bonds is easily conTerted into union 
by single bonds in all cases of this kind. Such 
substances as acetylene and ethylene are saturated 
with great readiness, not only by bromine, but by 
hydracids, and even by iodine, and the tension is 
thus relieved. 

CH, CH,H CH,Br 

" I i 

CHf CBgBr CH^T 

Etbylane. Ethjl bromide. Ethylene brumide, Ac. 

V. Baeyer also pointed out that in the formation 
of rings of carbon atoms the distortion of the atoms 
diminishes as the number of carbon atoms increases 
up to five. In a ring of six carbon atoms united by 
single bonds the distortion is a little greater. The 
following angles represent the extent to which the 
direction of each valency is disturbed: 



CH,— CH, CM, 



[GHilOfi, |CH,|CH, 
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The Other hypothesia, proposed by Wimderlich,* 
is based upon the idea that the relative force of 
attraction between the two units of valency depends 
upon the relatjve distances through which t^ey 
have to act. Briefly, the hypothesis is somewhat 
as follows. The carbon atom is a sphere from which 
four equal symmetrically placed segments have been 
removed, and the circular &ces thus formed are 
situated in the planes of the four faces of a regular 
tetrahedron. When combination takes place between 
two carbon atoms the most intimate union is that 
in which two of these faces are placed parallel to, 
and probably vary near, each other (see Fig. a). A 
less intimate union occurs when the centres of gravity 
of two &ce8 of one atom attracts two fa-cea of 
aoother (see Fig. b). The two tetrahedra have then 
a common edge^ the two pairs of &ce8 formii^ equal 
angles with each other. And, lastly, three faces of 
one may attract equally throe faces of the other, and 
so cause the two tetrahedra to be applied to each 
• other by one of dieir solid angles (see F^. c). These 
three portions correspond to combination by single, 
double, and trijde bonds. 
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According to this assumption it is only possible 
for the atoms to touch each other when united by 
the single bond, as shown at a. 

When two asymmetric carbon atoms are united 
together the number of possible isomeric fqrms is 
greater. Tartaric acid is a case of this kind. Four 
isomeric acids of the same composition are known, 
namely : dextro-tartaric acid, Isyo-tartaric, meso- 
tartaric, and racemic acids. Racemic acid is known 
by the reseuvhes of Pasteur, made forty years ago, 
to consist of a mixture or molecular compound of 
dextro- and leevo-tartaric acids. These two latter 
are supposed to be related to each other in the 
manner indicated in the following formula : 

H OH 

HO I 00.0H H I GO.OH 

HO I 00.0H H I CO OH 

H OH 

which may be more briefly written : 

r I 

I «.d 1 



where the letters r and I represent an arrangement 
which results in ri^t- or left-handed rotation of the 
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poliurised ray. Meso-tartaric acid, which, as already 
explained, is optically inactive, though containiiig 
two asymmetric carbons, is by an extension of the 
same hypothesis represented as 



U I 0( 



Yan't Ho£f long ago indicated that when two 
carbon atoms are united together by a single bond 
theymay be supposed to be &ee to rotate about an 
axis which is in the line representing the direction 
of the uniting valencies, and that if two carbons are 
joined by two or more bonds rotation becomes im- 
possible. This hypothesis was first made use of by 
WisUcenus in 1886, and has boen the subject of a 
good deal of discussion since. 

It may be assumed that the radicles united to 
two adjacent atoms of carbon will be likely to 
influence each other,^ and, according as they attract 
or repel each other, rotation may or may not occur. 
Thus it may be supposed that in Dutch liquid the 
chlorine said hydrogen atoms probably attract each 

> The reUtive mMaei (ktomlo welghtg) of Ihe ftMne or atomic 
groDpa maj have Mometbiag to do iritb tfals. 
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Other. Hence there can be only one stable form of 
this compound, -viz. : 



A 



I spontaneously by rota- 
tion into this.' Succinic acid also is known in only 
one form, which probably has the following struc- 
ture: 



ou I u 



If this be so, it seems to follow that rotation must 

< TbstatoniBwhiobKreiiotdireotlf nnitAcldoltiSnenoeeaobothai 
U c«rt«ln from inoh csni u th« O of the oirboz;! gronp — CO.OH, 
vbioh incresBea tho aotiritT of the H tn the adjacent hydrozjl ; the 
Mid ohanurtws of bromnltroethaEs ; the low ot baalo power in 
the ohloraaiUnei rMoItlng from the iDtrodnetlon of the negative 
eblorina, fto. 
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occur vhen water is lost and the anhydride is formed 
under the infiuence of heat : 






From other similar cases it appears probable that 
the formation of rings, in which four carbon atoms, 
or four carbon atoms and one oxyg^ atom are 
concerned, probably occurs in one plane. And Von 
Baeyer has pointed out that the interior angles of a 
r^^ular pentagon are very nearly equal to the angle 
which the valendes of carbon in their normal position 
form with one another (see diagrams, pp. 244, 247). 
This appears to explain such &cts as the ready produc- 
tion of anhydrides from dibasic acids, such as succinic 
acid, already referred to, and phthalic acid, &c. ; also 
the formation of lactones by loss of the elements of 
water by the y hydroxy-acids of the fiitty smes, 
such as oxybutyric acid. It is certunly interesting 
to compare the action of heat upon a /3 acid with 
that of & }• acid of the same aeries ; for example : 

OH/>H OH. 

CHi jialds CH 

CO.OH 00.0H 
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CH, OH, \ 

] yields | 

OH, O^/' 

CO.OH 00 

OijlMi^'rlQ Kill. Batrrolmotone. 

One or two other questions relating to the origin 
or constitution of optically active hodies have heen 
the subject of discussion and much experiment. Ab 
they are still unsettled, they may be dismissed 
briefly. Attempts have been mode to trace a re- 
lation between the d^ree or amumnt of rotation 
produced by a compound and the maeeea of the 
radicles which enter into its composition in union 
with the asynuDetric carbon atom it contains. It 
has been found in some cases which have been 
examined that two of the four groups may have 
the same we^[ht, asid yet the compound is still 
active. Guye therefore supposed^ that not merely 
the masses of the atomic groups but t^eir relative 
distances from the carbon to which l^ey are attached 
may influence the rotatory power. Some regula- 
rities which seem to support these views have 
actually been observed by Ouye; but on the other 
hand there are many cases which are incompatible 
with them. 

There appears to be some reason for thinking 
that' it may be possible to trace the efiect of each 

> Oompt. HewL, US, 14B1 (1893). 
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constituent of an optically active body upon its 
rotatory power, but at present no determinatjons 
have been placed on record wbich are sufficient to 
set tbe question at rest^ It would appear probable 
that this problem will assume fmd retain for a long 
time the position and aspect presented by the some- 
what dmilar questions which arise in connection 
with many of the phyacal characters of chemical 
compounds. The specific or molecular volumes of 
liquids and solids, their magnetic rotation, their re- 
fractive power, and even their boiling points, may 
each be represented by numerical values which 
are respectively the sum of terms which are nearly 
but not absolutely constant, and which may be 
attributed to the several constitumts of the com- 
pound. But just as it is imposable even now to 
assign an invariable value to the specific volume, 
for example, of an elementary atom, so it is not 
very likely that the specific rotation produced by 
a particulfu- asymmetric group of atoms will be 
found constant; and in both cases for the sune 
reason, namely, that notwithstanding the accepted 
doctrine of atom-linking, based on the idea of 
valency, there can be no doubt that in a molecule 
every atom exerts an influence, greater or less, on 
every other atom. 

Closely connected with the inquiry as to the effect 
upon the plane of polarisation of the constituent 
radicles in a compound is anothec which has arisen 

' See J. W. Walker. Joum. C*«it Soc. (18»6). 67, 914. 
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out of the researches of Wfdden. Compounda 
which contain asymmetric carhon, and henoe are 
capahle of exiating in two stereo-isomeric forms, 
when produced from inactive mateiialB hy ordi- 
nary laboratory processes, invariably appear in the 
racemic condition; that is, an equal quantity of 
each oppositely active variety is produced. It now 
appears, however, that starting from one and the 
same active compound, a given derivative formed 
from it may exhibit a rotatory power the same or 
the reverse of that of the parent substance. From 
fcevo-malic acid is produced, by the action of penta- 
chloride of phosphorus, a chloro-succinic acid which 
is dextTo-rot&tory} Replacing the chlorine in this 
compound by hydroxyl, a malic acid is reproduced, 
which is also dextro-rotaXxtry. This malic acid, 
treated with phosphorus pentachloride, gives l(evo- 
chloro-succinic acid, from which leevo-Toaiio acid 
identical with the original substance may be re- 
generated. Phosphoric chloride appears therefore 
to have a pecidiar power in such cases of causing 
optical inversion, a property which, in certfun cases, 
is shared by other reagents such as the alkalis. 
\atural 2<svo-asparagine and the aspartic acid formed 
from it yield, by the action of nitrosyl chloride, 
2<7i;o- chloro-succinic acid;* while, as stated above, 
the malic acid derived from the same substances 
yields, by the action of phosphoric chloride, a chloro- 

' Wkldeo, Ber., 29, 133 [lf)96). 

* Tilden and Uvsbftll, Joum. Chem. Soe.. 67, 491 (189G). 
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suocinic acid of opposite sign. Walden's production 
of optical antipodes may be representad by the fol- 
lowing diagram : 




During recent years the problems presented by 
this interesting discoTeiy have be«i attacked by 
many investigators, and there has been much specu- 
lation as to the mechanism of the chimges of con- 
figuration attending what is now familiar as the 
" Walden Inversion," Among these one of the most 
important is the hypothecs of Professor Emil Fischer,* 
which assumes the formation of an intermediate 
conjunction of the molecule of the carbon compound 
with that of the agent which is employed. An 
internal rearrangement is then supposed to occur, 
whereby a new compound is formed in which the 
substituent enters either in the same position as 
that of the element or group removed, or in anothw 
position which brings about the change of ogn in 
the optical activity of the product 

The hypotheses of which an outline has been 

1 AnnaUa. 3B1, 123 (1911), and 3M, 363 (191S). 
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given relate to the atom of the element carbon ; but 
considerations of this kind, if valid in the case of 
one element, must be applicable to others. Accord- 
ingly, many attempts have been made to isolate 
optically active isomerides from inactive compounds 
of which the chwnical composition indicates asym- 
metry. The first success was achieved in the case 
of nitrogen. Le Bel showed, so long ago aa 1891, 
that when methylethylpropylisohutyl ammonium 
chloride is acted on by moulds, a bevo-rotatOTy form 
of the salt can be isolated.* A few years later Pope 
arid Peachey* demonstrated the possibility of obtain- 
ing compounds in which the nitrogen atom associ- 
ated with one atom of hydrogen appears to be 
capable of forming a nucleus for tetrahedral asym- 
metric compounds resembling those of carbon. By 
the fractional crystallisation of a salt of a ben^l- 
phenylallylmethyl ammonium 






../ 



^Ma 



with a strong dextro-rotatory acid, a separation was 
efiiscted into optically active dextro and Uevo iso- 
merides. 

This result was soon followed by the resolution of 
an asymmetric sulphur compound* into two active 
components. 

> ConfLRend.. 112,724. 

» Jouim. Chen. See., 76, 1127 (18OT). ' Jbid., 77, 1073 (1900). 
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In this case the compound operated on was die 
methylethylthetine in the form of a camphor sul- 
phonate. 

■ o^^.. 
S 
CwH„O.SO,/ N)H» 

About the Bfone time S. Smiles succeeded in 
resolTing methylethylphenacyl sulphine in the form 
of a bromo-camphor sulphonate.* 

0,Hi, X]H,.C0.C,H4 

s 

C,oH„Br0.80/ X!H, 

Pope and Peache;* have also shown that by the 
application of the aame methods optically active tin 
compounds can be isolated. By conveiting methyl- 
ethyl n propyl tin iodide into dextro-camphor sul- 
phonate and fractional ctystallisation of the latter 
salt a dextro-rotatoiy tin base was isolated. The 
corresponding Icevo compound could not be obtuned 
owing to the tendency to racemisation, that is, the 
production of an optically inactive mixture of the 
dextro and Itevo compounds owing to iatenial re- 
arrangement in one half of the material Since that 
time optical activity has been shown to exist in 
isomeric compounds of silicon and of phosphoms. 
These are acids, and the separation of the optical 
isometides is effected by combining them with 
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optically active haam and taking advantage of 
differences of solubility exhibited by the resulting 
salts. Active compounds containing silicon have 
been obtained by Eipping/ but the difficulties arising 
from racemisation and other causes are very con- 
siderable. Phosphorus has also been shown to be 
capable of giving rise to optically active compounds* 
of the type POR'R'R". 

Further, it appears to be now definitely established 
that certiun of the metals, notably cobalt and 
chromium,* may form l^e nucleus for a tetrahedral 
asymmetty, so as to give rise to compounds which 
are capable of rotating the plane of polarisation. 

It may fiiirly be expected that in time all the 
elements in groups IV., V., uid VL of the periodic 
scheme will be shown to exhibit similar ph^omeno. 
Much discussion has arisen during the last few years 
as to the configuration of nitrogen compounds, and 
chemists are as yet not agreed on this part of the 
subject. There is, of course, room for even more 
speculation in this field of hypothesis than in the 
corresponding question relating to carbon compounds. 
It seems probable, however, that since nitrogen is 
undoubtedly quinquevalent, the fourth and fifth 
valencies of the nitrogen atom cannot lie in the 
same plane as the other three. 

> Jaitm. Chem. Soc, 93, 4GS (1»0S). and 97, TS6 (1910). 

* Ber., U, S56 (1911). uid Journ. CAol Soc., 99, 636 (1911). 

* Sm Iftit I<hat on Inorganic CaMpotndM, by A. WsroaT. (Long- 
mvu, 1911.) Ber., U, pp. tSST, 2iU, 3132 (1911). 
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BIOGRAPHICAL NOTES 

Adolph ton Bakteb, Exoellenz Gflbeim-Rat, F.B.S., Pro- 
feuor in the Univeraity of Huoich. 

Jbah Baftiste Biot, bora Slst April 1774. Profeoaor of 
Ph7Bic* at tbe Gol%e de France (from 1800), and of Aatronoinr 
at the Facultj of Science, Parii (from 1809). 

He died 3rd Feb. 1962. 

[Pof^ffendorff'a HandtoSrttrbticK.] 

JoHEFH AcHiLiiB LK Bel, F.R.B. Received the Davy Hedal 

(jointly with Van't Hoff), 1693. 

PoLTDOBE Boule^v, born 1806. Pliarmaeien in Paris. 
Worlted with Dumas on the formation of etlier, and died 
S4th March 1835, as a consequence of bums from accidental 
ignition of ether. 

Philippe Auoubtb Qutb, D.Bc. Geneva and Paris, Profeasor 
of Theoretical and Technical Chemistry in tbe Univenitj ol 

Jacobus Hekbicus Van't Hopf wm born at Botterdam, 
in 18SS. After attending the Higher Burger School trf his 
native town, he attended the Polytechnic School at Delft, 
and then proceeded to the University of Leiden. He then 
spent a year at Bonn under Keknl^ Mid in 1874 graduated 
Bit Utrecht. He then entered the Eoole de Hcdecina id Paris 
in order to study under Wurts, and here he met Le Bel. The 
two youn^; men had alruady been occupied independently with 
tbe conception of the tetrahedral carbon atom and tbe oon- 
ditiont of asymmetry. Van't Hoffs paper appeared in 
September 1874, while that of Le Bel was published inde- 
pendently in November of the same year. They agree in the 
discovery that asymmetry is oonneoted with the association of 
the carbon atom with four different radioles, but in working 
out this idea some differences of detail are enconntered, which, 
boweverj caa only be appreciated by a careful study of tbe 
original memoirs. 
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Vau't Hoff Dext obtAioed a teaching poat at tha Veterioary 
GoUefte «t Utrecbt, frgm which he proceeded in 1677 as Pn>- 
fewor of Chainiatrj' in the newlj oonatitatad DDiveraity of 
AmaterdAm. In 1806 he waa appointed Profeeaor at the Uni- 
Taraitj oC Berlin. In 190S he wu the recipient of the first 
Nobel Prise awarded for ohemiatry, and in the aune year h« 
gave the Baoult Memorial Leotura to the Chemical Society in 

He died 1 at March 1911. 

[Van't Hoff Memorial Leotnre, by James Walker. Jown. 

CKtm. Soc., 103 (1913).] 

Fkedkric Stanley Kiffi^o. D.So., F.R.S., Profeiaor of 
Chemiatrjr in Dnivereitf College, Nottingham. 



Frederic Hbrt£ de la Provobtatb, bom Ifith Feb. 181S 
at Redan (Ule-et-Vilaine). Inepeotor-General of Public In- 
atniotion. 

Died S8tb Dec. 1863. 

[PoggendoiS's HandwSrUrintch, toI. iii.] 

Samdel SuiLBB, D.Sc., Secretary of the Chemical Society, 
Aaaiatant Professor in University College, London. 

PadIi Waldeh, Member of the Imperial Academy of Sciences, 
St. Petersburg. Professor of Ohemistry in the Polytechnic 
Institute, Riga, Russia. 

James Wallace Walker, Professor of Chemistry in the 
McOill College, Cniveraity of Montreal, Canada. 



JoHAMNBH WifiUCENoa was bom at Klein-Eichstadt, S4th 
June 1835. At the age of eighteen he beoame assistant to 
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Profesoor Heiuts at Hall^, and theaoeforth devoted himMlf to 
chMniAliy. Owing to his father's unorthodox raUgiona opinioDB 
the tmmiij had to leave Germanr, and for aome time lived in 
Amaric*. Betorning to Europe the familj settled at Zurich, 
and in 1861 Johaunea was appointed Professor in the School 
of Industries, and three jreftrs later in the University. Id 
1870 ha was selected for the Chair of Ohemiitry in the Poly- 
teohnio. In 1872 he was invited to succeed Strecker in the 
University of Wiirzburg. Finally, on the death of Kolbe, 
he w&a transferred to the chair at Leipeig, where he remained 
tiU hii death on lith Bee. 1902. 

[WialioeuoB Memorial Lecture. W. H. Perkin, jim. Joum. 
Ghen. Soc., 87, 501 (190&).] 

^MILIDS WUNDKRLICB, Ph.D. Wursburg.InduBtrial Chemist. 
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CHAPTER VIII 

BLBCTBicrrr and chbmical affinity 

In the Philosophical Tra/nsactioTts for 1784 will be 
found a paper bj the Hon. Henry Cavendish, which 
embodies those resulte of his " Experiments on Air " 
which led to the famous discovery of the composi- 
tion of water. The proposition that water consists 
or is composed of two elementary gases is, however, 
ajl the more firmly established when, to the state- 
ment of Cavendish .that from two measures of 
"inflammable air" (hydrogen) exploded with one 
measure of " dephlogisticated air" (oxygen) water 
is produced, we are in a position to add that firom 
the decompo^tion of water these two gases, and 
nothing else, can be reproduced. This latter result 
was observed for the first time by Nicholson and 
Carlisle in 1800, only sixteen years later than the 
announcement of Cavendish's discovery. 

In the meantime a new philosophical instrument 
and a new field of research had been brought within 
the reach of chemists and physicists by the dis- 
coveries of Qalvani and Yolta, which culminated in 
the invention of the Voltaic Pile fuid the Voltaic 
Battery shortly before this tima SUectric currents 
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could thus be procured at vill, and the Toltiuc 
decomposition of a^ndified water was followed by a 
host of obserrations of a similar kind. SoluUoos of 
y&rious salts submitted to the action of the current 
yielded in some cases acids and alkalis, in others 
acid and oxygen at ,one pole, while metal and 
hydr(^en appeared at the opposite pole. By this 
sfune agency Davy, in 1807, succeeded in proving 
that potash and soda are oxides containing a pair of 
TOry reniarkable metals. 

The attention of chemists in this way became 
attracted to the &sciuating phenomena of electro- 
lytic or electro-chemical decompositions, and not 
only were many facts discovered of greater or lees 
practical utility, but hypotheses were necessarily 
framed to account for the facts. Davy himself 
after some years occupied more or less vith the 
study of the galvanic phenomena, seems to have 
arrived at the conclusion that chemical combination 
is produced by the union of atoms charged with 
oppo^te kinds of electricity ; and, in fact, to have 
identified chemical "affinity" with electrical attrac- 
tion between particles, or, at any rate, to have 
regarded chemical afiinity and electrical attraction 
as dependent upon the same cause. A similar 
theory was formulated by Berzelius about 1818, 
but the Swedish chemist considered it probable that 
" simple and compound atoms are electro-polar ; in 
the majority of them one of the poles is endowed 
with a preponderant force, the inteotdty of which 
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varieB according to the nature of the body. Those in 
which the + pole is prepondenrnt are called electro- 
positive, those in which the — pole prodominateB are 
electro-n^;atiTe." ^ Hence, according to Betzelius, 
each atom contains both pofative tuid n^ative elec- 
tricity ; but the atom of oxygen, for example, has a 
large amount of negative electricity accumulated 
upon one pole, with a relatively small unount of 
postive electricity at the other, while the atom of 
such an element as potassium possesses a strong 
charge of positive with a small charge of n^ative 
electricity. During the act of combinAtion the 
positive pole of one atom is turned toward the 
n^ative pole of the atom with which it is about to 
unite, and the oppceite electricities neutralise each 
other with production of the phenomena of heat 
and light, as in the production of sparks between 
oppositely charged masses. 

From this time forward little further progress 
was made, so far as electro-chemical phenomena 
were concerned, till the subject was taken up by 
Faraday about 1832; and as the result of his 
researches the two important quantitative state- 
ments which are usually known as Faraday's Laws 
of Electrolysis, together with a vast body of other 
important observations, were established. The state- 
ments referred to may, for the sake of completeness, 
be recalled to the recollection of the reader. The 
first of these may be given in the original words of 

I Beizelins, TraiU de Chimie, vol. i. (1842). 
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the discoverer: "The chemicid power of a current 
of eloctricity is in direct proportion to the absolute 
quantity of electricity which passes."^ Faraday's 
own language may also be used to lead up to and 
express the second law. " Compound bodies," he 
says,* "may be separated into two great classes, 
namely, those which are decompoeible by the 
electric current and those which are not. Of the 
latter some are conductors, otbeis non-conductoiB, 
of voltaic electricity. ... I propose to call bodies of 
the decomposible class electrolytea. Then, again, the 
substances into which these divide, under the in- 
flueoco of the electric current, form an exceedingly 
important general class. They are combining bodies, 
are directly associated with the fundamental parts of 
the doctrine of chemical affinity, and have each a 
definite proportion in which they are always evolved 
diuing electrolytic action. I have proposed to call 
these bodies generally ions, or particularly anions 
and caiione, according as they appeu- at the a/node 
or cathode, and the numbers represraiting the pro- 
portions in which they are evolved electro-chemical 
equivalenta. Thus oxygen, chlorine, iodine, hydro- 
gen, lead, tin, are iona ; the three former are anioiu, 
hydrogen and the two metals are eationf, and 8, 36, 
125, 1, 104, 58, are their electro-chemical equiva- 
lents nearly."* We learn firom this, and from other 

' S^ierimenlal Raeardta in JHeatricily, vol. 1. p. 241. 
" Lot. ril„ pp. at2, 243. 

■ iQthispMsage thercisintheoTlKiD4lstUgl]tTetbt>tsUp,whioh 
ia oorreoted above. 
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QxperimeDts described in the course of these re- 
searches, that the electro-chemical equiTalents of 
ions are the same as their ordinary chemical equi- 
valents or combining proportions. 

Faraday's view as to the cause of electrolytic 
phenomena led him to reject the notion enter- 
tained by some of his predecessors that electro- 
chemical decomposition waa the result of the 
electrical attraction or repulsion of the poles acting 
upon the constituents of the electrolyte. He states 
expressly that he believed that the effect ia due to 
a force acting internally upon the ions, and " either 
superadded to or giving direction to the ordinary 
chemical affinity of the bodies present." 

Nevertheless, while correcting some of the experi- 
mental errors in Davy's work, Faraday seems to 
have enterttuned nearly the same idea with regard 
to the nature of the phenomena of chemical com- 
bination and electro- chemical decomposition, for 
(loc. cit., p. 248) he refers, with evident sympathy, 
to "the beautiful idea that ordinary chemical 
affinity is a mere consequence of the electrical 
attractions of the particles of different kinds of 
matter " ; and a little further on he states his 
" conviction that the power which governs electro- 
chemical decomposition and ordinary chemical at- 
traction is the same." This idea evidently became 
established in the mind of Faraday, for in a later 
paper ^ the following passage occurs : " All the 

* Bxftrimtntal Rttanht* in ElaetrioUs, vol. 1. p. 272. 
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&cta shov us that that power comiDOnly cafled 
chemical affinity can be communicated to »'distanoe 
through the metals and certain forms of carbon ; 
that the electric current is only another form of 
the forces of chemical affinity ; that its power is in 
proportion to the chemical affinities producing it; 
that when it is deficient in force it may be helped 
by calling in chemical aid, the want in the former 
being made up by an equivalent of the latter ; that 
in other words the forces termed chemiaai affinity 
cmd electricity a/re one a/nd the aatne" This view 
was adopted by other writers. Daniell, for example 
die inventor of the constant cell, in his Ohemieal 
Phiioaopky, heads the paragraphs relating to the 
battery by the title, "CSrculating Affinity or Elec- 
tricity." 

The phenomena of electrochemical decomposition 
present a great muiy questions of difficulty, the 
interpretation of which have led in the pest and 
are likely still to lead to much difference of opinion 
and controversy. When, for example, on electric 
current is sent through a solution of copper sul- 
phate, the ordinary visible products which accumu- 
late at the poles are metallic copper at the cathode, 
and oxygen gas, at the anoda If the current is - 
strong, hydrogen is also given off with the copper. 
When sodium sulphate is used instead of copper 
sulphate, the products are gaseous hydr(^en and 
oxygen; while the solution, originally neutral, be- 
comes alkaline from the production of soda round 
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th^ cathode, and acid &om the accumulation of 
sulphurit! acid round die anoda The difference 
between these two results has been explained in 
the terms of two distinct hypotheses, the earlier of 
which was baaed on the dualistic theory of salts. In 
the system inaugurated by Lavoisier, and approved 
by Berzelius, every salt was made up of two oxides — 
the one of a m'etal, the other of a non-metal ; thus 
cupric sulphate was supposed to consist of coppet* 
oxide united to sulphur trioxide or sulphuric acid, 
while sodium sulphate was composed of soda or 
oxide of sodium united to the same sulphuric acid. 
Expressed in symbols, they stood thus : 

Caprio aolphate .... OnO.SO, 
Sodium Bulphota .... NaO.SO, 

Berzelius and his school suppoaed that when these 
compounds aro decomposed by the electric current 
the ions are CuO and SO, in one case, and NaO 
and SO, in the other; but that in the case of the 
copper salt the metal separates in consequence of the 
simultaneous decompoation of water, the hydrogen 
of which reduces the metaUic oxide, uniting with 
the oxygen and setting the metal free. 

The other hypothesis was based on the unitary 
sy^m, of which the germ perhaps may be found 
in the writings of Davy, but which was formally 
introduced by Daniell about 1842,^ and afterwards 
adopted by Gerbardt upon evidence of a different 

■ DnokU'H Cktmiad PhMo*«phy, 2nd edit. pp. 432-440. 
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kind. According to this view the two salts are 
resolved on electrolysiB into the ions Cu and SO^, 
Na and SO^ respectiTely. The decomposition of 
the copper compound therefore gives metal as 
the primary cation, while at the anode the radicle 
SOf is resolved into O, which escapes, and SO,, 
which forms aulphunc acid with the water. In the . 
case of the sodium salt, the alkali and th^ acid 
observed are alike aecondary products ; the former 
resulting from the action of the liberated sodiimi 
upon the water with simultaneous escape of hydro- 
gen gas. 

Another question which required investigation 
relates to the course of the current through the 
solution. It is a remarkable fact that water alone 
appears to be almost destitute of conducting power, 
its resistance increasing in proportion as it is more 
free from dissolved salts or gases. But the addition 
of a very small quantity of sulphuric acid seems to 
make it not only conduct freely, but undergo electro- 
chemical decomposition into its constituents oxygen 
and hydrogen. When the current passes, is it really 
conveyed by the water, by the acid, or by some 
compound of the two? That is a very important 
question; but in order to supply the answer to it, 
which is provided by commonly received theories of 
the present day, it is necessary to know som^Mng 
of the course of observation imd experiment which 
has led within the last few years to the adoption of 
rather remarkable views concerning tJie state of 
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dissolved electrolytes, and the nature of solutions 
generally^ 

So long ago as 1788 Sir Charles Blagden pub- 
■ lished in the Philoeophical Tranaactiona a paper 
dealing with the &niiliar &ct that salt water does 
not freeze bo easily as fresh water. In that paper 
he showed that various salts added to irater cause 
a depresmon of the freezing point, and that the 
depression is in each case practically proportional to 
the amount of the salt present. There the ques- 
tion remained for nearly a century. The next steps 
in advance could only be taken when Blagden's 
conclusions had been established upon a much 
firmer bams of exact experiment than he had been 
able to supply; and, as in so many other cases, it 
required the successive ^orts of many experimenters 
to provide material upon which to. build a theory 
with any prospect of success. Among the workers 
who took up the question must be mentioned 
Rtldorff,' De Coppet,' and Guthrie* De Coppet 
got so &ff as to show that the "co-efficient of de- 
pression" of the freezing point is constant for the 
same substance, and that it is equal for similar 
substances when added to the same quantity of 
water in amounts proportional to their molecular 
weights. It is, however, to the important reaearchea 
of Professor F. M. Raoult* of Grenoble that the 

1 Pagg^ oiIt. 83 (1861), dztL GS (1B62), to. 

* Ann. CAiat., zziU. 866 (18T1), zzt. 602 (1ST2), zzrl. 98 (1ST2). 
■ PhiL Mag., ISTfi, 1876, 1878. 

* isM, aim., zxvUl. 133 (1883), h.c. 
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estsbliahment of this geoeraiisation is due, and as a 
result a new method has been provided for the 
determination of the molecular veights of thoee 
substances to vhich the vapour-density method is 
not applicable. Raoult's lav may be stated as fol- 
lows: the depresfflon of the 6:«ezing point of a 
liquid, caused by the solution in it of a liquid or 
soUd, is proportional to the absolute amount of dis- 
solved substance, and is inversely proportional to its - 
molecular weight. Consequently, if a number of 
different substances be taken in the proportions of 
their molecular weights, and dissolved in a Uquid 
which is capable of solidifying at a determinable 
temperature, the resulting depression of the &eezing 
point will be the same in each case. This molecular 
depres^on is then a constant for any given liquid, 
though of course it differs in different liquids. The 
solvents recommended by Raoult are water, acetic 
acid, and benzene. If we take A as the reduction 
of freezing point caused by the solution of 1 gram 
of substance in 100 grama of water for eiample, M 
the molecidar weight of the substance, and T the 
lowering of the freezing point caused by the solution 
of a molecular proportion of the substance in 100 
parts of liquid, then, if the solution ia dilute. 



The value of T for water has been found to be 19 
in reference to a great variety of neutral carbon 
compounds, but it rises to about 37, or double the 
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value, vhea inorganio salts are employed. By 1&88 
the method of estimating die molecular weights 
based upon these obserrations vas generally adopted, 
and consequoitly It was recognised, not only that 
the freezing point of a solution is related to the 
molecular weight of the dissolved substance, but 
that metallic salts produce an effect per molecule 
about twice as great as the effect produced by 
neutral carbon compounds such as sugar. 

The presence of a substance dissolved in a liquid 
affects the other properties of the liquid, such as 
its viscosity, or, if volatile, its boiling point and 
the pressure of its vapour. The reduction of vapour 
pressure, and the raising of the boiling points of a 
number of liquids, have been subjects of repeated 
experiment during the last half-century; but the 
connection between the magnitude of the effect 
produced and the molecular weight of the dissolved 
substance was discovered so recently as 1887 by 
Raoult, whose work upon the A-cezing points of 
solutions has been already referred to. The law 
relating to vapour pressure has the same form as 
that which applies to freezing points; that is, the 
effect produced by molecular proportions of all sub- 
stances in the same liquid is the same provided 
the solution is dilute. Hence the equation already 
given for the freezing point expresses the relation 
for the vapour pressure equally well, if we let A 
staad for the lowering of pressure produced by 
1 gram of substance in 100 grams' of solvent, and T 
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for the efiect produced by a molecular proportion of 
the substEmoe in the same quantity of solvent. 

The methods practically employed for estimating 
the effect of dissolving a definite quantity of sub- 
stance in a volatile liquid, may be based upon the 
actual measurement of the pressure of the vapour 
of the solution when in a barometric vacuum, or 
upon the loss of weight sustained by a given 
quantity of the solution, as compared with the loss 
of weight of the same quantity of the pure solvent 
when a current of air is passed under the same 
conditions through both of them; or the method 
may be based upon observation of the boiling point 
at atmospheric pressure of the liquid before and 
after the dissolution in it of definite quantities of 
substance. 

Again, if a solution of sugar or of a salt is separated 
from pure water by certain kinds of membrane, the 
volume of the solution increases by the entrance of 
water through the membrane, and a difference of 
pressure will be immediately established on the two 
sides of the membrane, which will go on increasing 
up to a certain maximum for each kind of dissolved 
substance. The pressure thus established is called 
the osmotic -pveseewre of the dissolved substance. It 
appears to arise from the " semi-permeable " character 
of the membrane, which allows water to pass in 
either direction, but not the solute; hence water 
passes in the direction of the solution until the 
pressure it alone exerts per unit of surface is equal 
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on both aidds the Beptiun, while on the side of the 
solution there is the additional pressure due to the 
solute. This can be measured and expressed in 
millimetrea of mercury or otherwise. The cells of 
plant tissues are semi-permeable in this sense, and 
membranes formed by the precipitation of certain 
salts, especially cupric ferrocyanide within the pores 
of uQglazed earthenware, have been used for the 
purpose of experiments on osmotic pressure. The 
earliest and best determinations of osmotic pressure, 
for which science is indebted to Professor W. Pfeffer 
the botanist,^ have led to conolusons which stand in 
evident relation to the facts which have already he&i 
stated concerning the influence of dissolved sub- 
stances on the properties of liquids, and they may 
be expressed nearly in the same terms. For it is 
found that the effect is again proportional to the 
strength of the solution, and when solutions of two 
distinct substances are compared, the osmotic pressure 
is found to be the same when each contains for 100 
parts of the liquid moUevJa^ proporiiona of the 
dissolved substance. 

By most of the older chemical writers the view was 
conmionly entertfuned that the first act in the process 
of dissolution was the formation of a compound or 
mixture of compounds between the solvent and the 
solute. When certain anhydrous salts are placed in 

1 ■'Osmotisolw UntenQohaiigeii. Btadiau mr ZaUenmeahuitk " 
{BttUaotr, it, 1878, 182-198). See ftlBO Adte, TnutM, Cliem. 3oe„ 
ISOl, 868. 
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irater a chemical compouad is fonned, but vhj the 
resulting hydrate diasolves in the uncombined part 
of the Tater is another question. The article on 
"Chemical AfBnity" in Watts' Dictionary (1872) 
seems to adopt this view, while at the same time 
pointing out that solutions differ from definite 
chemical compounds in not complying with the law 
of definite proportions. The subject, however, had 
been much neglected by chemists up to this time, 
occupied as they had been with the development of 
new theories of constitution based on the recognition 
of the valency of the elements. In 1878 the present 
writer put forward ' a view, the substance of which 
has been adopted by all those chemists who advocate 
the so-called "hydrate theory" of solution. The 
following passages explain clearly the hypothesis : 

"The natural inference from the &cts known in 
connection with the phenomena of solution is, that 
when a solid dissolves in a liquid it first enters into 
chemical combination with a portion of that hquid 
forming a chemical compound, the composition of 
which under fixed circumstances is perfectly definite. 
Briefly recapitulated the chief evidence in iiavour of 
this assumption is (1) that when a solid comes into 
contact with a liquid capable of dissolving it, heat is 
evolved; (2) that changes of colour are often pro- 
duced ; and (3) that water or alcohol is retained by 
crystals only in definite molecular proportions. We 

1 Leatare to the Brtrtol NkturalUta' Socfet;, Febniary 1878, Pro- 
eetddngM nflke Soeittg. 
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will now endeavour to picture the state in which the 
substance subsists when solution ia complete. Much 
assistance will be obtained towards the investigation 
of the problem if we first briefly review the &cts 
which have been established in the analogous case of 
certain vapours: take for example pentachloride of 
phosphorus. The vapour of this compound, a solid 
at ordinary temperatures, is not homogeneous; it 
consists of a mixture of three vapours, viz. penta- 
chloride of phosphorus, VCl^ trichloride of phosphorus, 
PCly and chlorine, Cl^ At low temperatures near to 
its condensing or liquefying point, a large proportion 
of pentachloride is present. But if heated this 
compound breaks up into the two simpler molecules, 
PCly and Cl„ the dissociation occurring progressively 
with the rise of temperature until at S50^ or there- 
abouts, it is complete. At that temperature the 
vapour consists of a mixture in equal volumes of 
chlorine and the phosphorus trichloride. But it has 
been shown, on the one hand, that if the liberated 
chlorine ia gradually removed by diffusion, the 
prepress of the dissociation is much more rapid and 
occurs at lower temperatures. Whilst on the other 
hand the dissociation is retarded or almost arrested 
by causing the vapour of the pentachloride to mix 
with a sufficient quantity of vapour either of tri- 
chloride of phosphorus or of chlorine. 

"Turning now again to solutions and, in order 
to avoid verbal repetition, confining our remarks to 
solutions of salts in water, we find a state of things 
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of stiictty analogous charadter though a. degree more 
complex. Suppose, for example, we dissolTs some 
ordinaiy sodium sulphate in a con^derable quantity 
of water. The s^t first combines with water forming 
a hydrate, or rather, a series of hydrates which are aU 
richer in water than the ordinary salt, containing ten 
molecules. These hydrates are liquid at ordinary 
temperatures, and mix by the usual process of liquid 
diffusion with the rest of the water. The chief of 
these hydrates I believe to be none other than the 
oiyohydrata^ If the temperature of the liquid is 
aboye the melting point of the cryohydrate, this 
compound tends to split up into water and lower 
hydrates. But if the amount of water present is 
comparatively lai^e, this tendency is counteracted, 
just as the dispoaitioD of pentachloride of phosphorus 
to split into trichloride of phosphorus and chlorine 
is reduced by the presence of excess of one or other 
of those substances. Imagine now the solution of 
sulphate of sodium heated, other conditions remaining 
unaltered. The amount of original (cryo ?) hydrate 
diminishes as tbe temperature rises, whilst equivalent 
quantities of uncombined water and lower hydrates 
are pari passu liberated. 

" This continues until a temperature is reached at 
which some of the anhydrous salt ia formed. This 
compound, however, although it is much leaa soluble 
than the hydrated salt, does not at once maike its 



' Entsotic mixtures deBoribod Doder thia nuna t^ Ontbri* 
(/ouTR. C»(M. Bat., 1878, 18T6, \«t1). 
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appearance in crystals, because the solution must first 
be saturated with it. But no sooner is a portion of 
this salt deposited, than a new set of conditions is at 
once established, for the removal of the fmhydrous 
salt from the liquid is, of course, equivalent to the 
addition of water, and so time must elapse, or the 
temperature be raised still higher, before any more 
of the anhydrous salt can be thrown down. 

" One main point upon which it appears to me to 
be desirable to insist is this, that a solution contains 
a Tiiixture of several hydrates, the constUiUion of 
which d^ends partly -wpon the temperatv/re of the 
liquid, UTid pa/rUy wpon Vie proportion of vxUer 
pre^rrd. Such hypotheses as those oi Lowel, for 
example, to the effect that at one temperature the 
solutioD conttuns one hydrate alone, and at another 
temperature another entirely disUnct, or indeed that 
any one hydrate can exist in solution hy iteelf, appear 
to me to he unsupported by reason or the bets of 
the case," 

Uendel6eff a few years later expressed a similar 
opinion in the following words : " Solutions may he 
regarded as fluid unstable, definite chemical com- 
pounds in a state of dissociation." * 

This view, however, would not be acceptable with- 
out modification to the majority of chemists at the 
present time. The act of dissolution is probably 
not due to chemical combination in the first instance, 
but is probably analogous to the sublimation of a 
' PrineipU* of Chmitry, vol, t. 105 (1891). 
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solid into a gas, and prooeeda from the detachment 
of molecules from the surface of the solid and th^ ' 
iotermixture with those of the surrouDding liquid.* 
This is doubtless due to the impact of the moving 
molecules of the liquid, and this riew is supported by 
the fixtstence of a relation between the fusibility of 
solids and their solubility, from which it appears that 
in all cases which can be broi^ht into comparison 
with one another, the solid which melts at the lower 
temperature dissolves most readily in a liquid.' 

In 1887 a theory was conceived which provided a 
beautiful explanation of all these various facts and 
relations. The first volume of the ZeUechriJi fiir 
physiJcalisdie CJiemie (pp. 481-508) contained a paper 
by J. H. Van't Hoff which threw a flood of light 
upon the whole subject of solutions.' The theory, 
then for the first time definitely brought forward, is 
based upon the recognition of the analogy between 
the state of substances in solution and the stune in 
the state of gas. PfefTer's results seem to have 
established tJie &ct that osmotic pressure in dilute 
solutions is proportional to the amount of dissolved 
substance in unit mass, and that the pressure is 
directly proportional to the absolute temperature of 
the liquid. The laws of osmotic pressure, then, 

> Tilden Mid StaeDBtoue, Phil. Tram., 1884, Part I, 30; Nenut, 
Zeitiekrift PKyi. Ckem..^, 372 (I88S). 

* Tildw and Sheutone, Im. cit.; CMneUej. PhU. Mag. (S), IS, 
112. 

■ For Ml iDlerestlug lummaTj of the coune of ereDtB which led 
Tan't UoS to tba thaor;, Me BtriehU, 27 (1894), 6. 
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aasume the same form as the lav of Boyle, which 
conoectfi pressure aod volume, and the law of Gay- 
Lussac, which comiects temperature and volume, for 
gaaes. And further, since molecular proportions of 
dissolved suhstaaces produce at the same tempera- 
ture equal osmotic pressures, equal voluToea o/ddfferent 
aolutioTia, which give the same osmotic pressures, 
ooTUain the same nvmber of molcvZea. This ia equiva- 
lent to asserting that the law of Avogtidro applies 
to solutions as well as to gases. 

For the sake of clearness it may be as well, before 
proceeding ^rther, to recall the main features and 
history of the kinetic theory of gases. From the 
phenomena of gaseous diffusion there seems to be 
very direct proof that the particles or molecules of 
gases are always moving about. This idea was long 
ago employed to explain their pressure and elasticity, 
but only in a general and rather indefinite way, and 
it was in 1848 that Joule for the first time made 
some calculations as to the velocity which the 
particles of hydrc^en and of oxygen must have in 
order to produce the observed pressure. He found 
that the particles of hydrogen, when at 0° C. and 
atmospheric pressure, move at the rate of more 
than 6000 feet per second, which is much faster 
than any ordinary projectile.^ 

A paper had been communicated to the Royal 
Society by J, J. Wateraton in 1846, but unfor- 

' " On the MaobkDloal Bqnirklent ol He»t. lutd on the Constita- 
tion of BU«tio Flnidt " (Arit. AitBt. ftep., lUS, Part II. 21-22). 
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tuuately waa not thoi^ht fit for full publication at 
the time (see Proe. Roy. Soe., 5, 604). Nearly half a 
century afterwards it was discovered by Lord Ray- 
leigh in the oTchives of the Society, and was found 
to contain a nearly complete development of the 
theory which has ^ce become so fsjnous. This 
paper has been printed in the PkUosopkical TVotw- 
actiona for 1892. Views essentially l^e same as 
Wateratoo's were afterwards published by Krdnig in 
1856/ and by Clausius' in 1857. 

The kinetic theory supposes that all the par- 
ticles in a gas subsist in a state of perpetual 
movement with great velocity, but unoe they are 
very small, and much crowded together, no ^ngle 
molecule proceeds far in a straight line before 
it approaches another molecule, and its course is 
altered, much in the same way that an elastic ball 
falling upon any surface rebounds and passes off in 
a new direction. The constitution of a liquid is 
supposed to be someiriiat similar, the difference be- 
tween a gas and a hquid being attributed to the 
association of a certain proportion of the moving 
molecules into groups; so that while in a true 
gas each molecule moves independently of the 
rest, except for collisions, in a liquid there is 
a mixture of free molecules and aggregations of 
molecules. 

' ■'OroDdtUgoeinerTbBoried8rGMe"(i'.W'*'»"-.»o'»81B-3a8)- 
' "Uttbei dla Art dar Bew«giuig wdobe wir Vinna nenoen" 
IPogg. Ann.. I8B7, 8B3-380. and PhU. Mag., xir. 108-127). 
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We may now return to the question presented 
by the phenomena of electrolysis. It has already 
been stated that metallic salts genendly, as well as 
acids and alkalis, when dissolved in a large quantity of 
water, cause a depression of the freezing point of the 
water nearly twice aa great as the depression caused 
by the majority of carbon compounds. All these 
substances are electrolytes when in aqueous solution, 
while neutral carbon compounds are not. Now, by 
carrying the analogy between dilute solutions and 
the gaseous state a step further, an explanation 
is provided of the existence of these exceptions. 
This explaiLation is afforded by the doctrine of ionic 
dissociation introduced by Arrhenius in 1888. The 
abnormal vapour pressures of ammonium chloride, 
phosphoric chloride, sulphuric acid, and many other 
compounds are accounted for by the hypothec 
^ready referred to, that each molecule of such a 
compound when vaporised dissociates into two or 
more separate molecules, and in like manner the 
new theory supposes that substances which become 
electrolytes when dissolved owe the assumption 
of that character to a process of dissociation. 
The dissociation of sulphuric acid, for example, by 
the action of heat is, however, different in ita cause 
as in its results, &om the dissociation which is 
assumed to occur when it is mixed with water, 
vapour of sulphuric acid is made up of equal 
numbers of molecules of water and sulphur trioxide, 
which, if cooled so that lique&ction occurs, unite 
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leather again, ^most completely reproducing the 
original compound. Sulphuric acid diluted with 
water is supposed to yield a mixture of the ions 
H and SO^, the number of molecules of the com- 
pound so resolved increasing in proportion to the 
dilution up to a limit. 

A view which, at Srst sight, appears somewhat 
similar to this was proposed some forty years ago 
by Clausius,' almost immediately after his enuncia- 
tion and discussion of the kinetic theory of gases. 
Clausius appears to have regarded a solution as 
consisting of a mixture of entire molecules moving 
about more or less rapidly, according to the tem- 
perature of the liquid, together with positive and 
n^^tive partial molecules or ions, which owe their 
separation from one another to the encounters which 
result from the motion of heat. These partial mole- 
cules, moving irregularly through the liquid, meet 
now and then with complementary partial molecules, 
with which, when conditions are favourable, they 
reunite and reproduce the original compound, the 
number of free or ionised particles being, according 
to this view, dependent upon the temperature, in- 
creasing in numbers as the temperature is higher; 
while if the temperature is lowered the recombina- 
tions occur more frequently than the separations in 
unit time, so that, OD the whole, there are fewer 
free ions in the liquid, while under no circum- 
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atances is it aasumed that the number of partial 
molecules ia more than a very small percentage of 
the number of entire molecules. A. doctrine of the 
same kind had been enunciated by Williamson some 
years earlier in his memoir ' on the " Theory of the 
Formation of ^Ether." The following passage ez- 
phuns his view quite clearly: "We are thus forced 
to admit that in an aggregate of molecules of any 
compound there is an exchange constantly going on 
between the elements which are coDtaioed in it. 
For instance, a drop of hydrochloric acid being sup- 
posed to be made up of a great number of mole- 
cules of the composition CIH, the proposition at 
which we have just arrived would lead ua to believe 
that each atom of hydrogen does not remain quietly 
in juxtaposition with the atom of dilorine with 
w;hich it first united, but on the contrary, is con- 
stantly changing places with other atoms of hydro- 
gen, or, what is the same thing, changii^ chlorine." 
Clausius, remarking upon this quotation, points out 
that Williamson's theory assumes a more frequent 
exchange of one atom for another than appears to 
him to be necessary for the explanation of electro- 
lytic conduction, in which case he observes, " it is 
sufficient if the impact between complete molecules 
is occasionally and perhaps, comparatively speaking, 
rarely accompanied by an interchange of partial 
molecules." 
Since these views were expressed by Clau^us, 

> PkiL Mag^ WOO. 
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£EU!ta have become known which seem to show that^ 
if the comparison of the dissolved with the gaseous 
state is accepted, electrolytic conduction should 
depend upon and be proportional to a dissodated 
state in the dissolved electrolyte, which increases as 
solution is more dilute. It has been stated, for 
example, that the depression of the freezing point 
of a solution of such a neutral compound as sugar, 
a non-etectrolyte, is only about half the depression 
observed in the solution of an acid or a met&lhc 
salt which is an electrolyte. Airhenius' supposes 
that when an electrolyte is dissolved its ions separate 
from each other, not only, as assumed by Clausius, 
to a small extent, but to a large extent which 
increases with dilution ; so that in an infinitely dilute 
solution none of the original molecules of die com- 
pound exist, but only the electrolytically active 
fragments of molecules or ions. When any electro- 
motive force is applied to an electrolyte, therefore, 
the current which passes is proportional to the 
number of ions ready to convey Uie electricity. 

There is therefore a ftmdamental difference be- 
tween the earUer and the later views of the process 
of electrolysis. According to the well-known hypo- 
thesis of Grotthus, introduced in 1805, and to he 
found in all text-books of electricity to the present 
day, the molecules of an electrolyte upon which no 
electro-motive force is acting must be supposed - 
to be distributed at random throughout the liquid, 

> Ztifehr. Phyt. ChtM., I (18B7), 631. 
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and to be arranged in no aort of order. WLen two 
metallic plates connected with a source of electricity 
are dipped into the liquid, say dilute sulphuric 
acid, the positive electricity of one plat« attracts 
the oxygen, while the negative electricity of the 
other plate attracts the hydrogen, with the result 
that ihs molecules of acid range themselves in a 
multitude of polar chains acrosa the space between 
the electrodes. Then, if the electro-motive foice is 
sufficient, atoms of hydrogen are detached from 
one end of all these chains, while the readues of the 
molecules left take hydrc^n from the adjoining 
molecules, and bo the transfer of hydrogen from 
molecule to molecule occurs throughout each chain. 
Oxygen is liberated in a similar way at the surbce 
of the oppo^te electrode, with a similar transfer of 
oxygen &om molecule to molecule throughout the 
series of molecules forming each chain. And thus, 
while hydrogen and oxygen are liberated in visible 
bubbles at the sur&ces of the electrodes, no action 
is perceptible within the liquid which fills the space 
between. A difficulty about this hypothesis, which 
has become apparent only within recent years, is 
that it assumes that the electrolyte is torn asunder 
into its ions by the action of the current. If 
that were the case, each chemical compound would 
require the applicaUon of a certain definite mini- 
■mwm electro-motive force peculiar to itself before 
electrolysis would begin. But decomposiUon occurs 
even when the electro-motive force is extremely 
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weak, and it is therefore now more generally be- 
lieved that the currsnt does nothing more than 
direct to the respective electrodes the already 
separated ions. According to the Clauraus hypo- 
thesis these are few at any one instant, but as fiist 
as they are driven to the electrodes and are liber- 
ated, others are produced by dissociation within 
the liquid. According to the doctrine of Arrhenius, 
on the other hand, good electrolytic conductors are 
in a state of iooisation or dissociation, which is 
much more extensive, and which is increased by 
dilution up to a certain limit, when it may be nearly 
complete. The electric conductivity of a consider- 
able number of electrolytes, including all the most 
important acids, has been determined chiefly by a 
method introduced by Kohlrausch, which is to be 
found described in many text-books, and is based 
on the employment of an alternating ciurent, thus 
avoiding the difficulties arising ^m " polariaation " 
of the electrodes and other causes. The results of 
these experiments have led to the remarkable con- 
clusion that electric conductivity is directly related 
to chemical activity. Thus the numbers expressing 
the electric conductivities of a series of acids of any 
given degree of dilution, also represent very closely 
the relative powers of the same acids to effect such 
chemical changes as the inversion of cane-sugar. 
The chemical activity of electrolytes is therefore 
directly related to the extent of the ionic dissocia- 
tion of the substance, if we accept the hypothesia, 
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and at the present time it must be admitted that 
tliere is no escape by vay of any better explanation. 
The same hypothesis accords also with the veU- 
knovn &ct that many of the strongest acids, 
hydn^ien diloride for example, are, vhen apart 
from wateo* in the liquid state, both non-conductors 
and non-dectrolytes, and at the same time almost 
destitute of chemical activity. The most charac- 
teristic of all the interactions produced by acids is 
that vhich follows from their contact with bases. 
This results in the general formation of salts and 
water, but an anomaly is here noticed which is 
almost inexplicable without the ionisation theory. 
The neutralisaUon of an acid by a base is attended 
by the evolution of heat, and it has been generally 
supposed that the amount of heat evolved in a 
given reaction is a measure of t^e activity of the 
affinities concerned, and of the amoimt of energy 
which escapes or runs down in the process. But 
when chemically equivalent quantities of different 
acids are neutralised by the same basic hydroxide, 
say soda NaHO, the amount of heat evolved by strong 
acids is not much greater than that afforded by 
acids reputed weak. Many experimental invwtiga- 
tioos of this subject have been undertaken, but the 
results of the work of Julius Thomsen (see p. 41), 
may be regarded as the most exact and trustworthy. 
He found that when one molecule of soda, NaHO, 
dissolved in water is neutralised by different acids 
mixed with the same proportion of water, the amount 
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of heat evolTed may be repreaented by thannal imltB, 
ezpraesed in the successive cafiea by the following 
numbers taken as examples : 



Nunc of Mid. 


AnMtuit i«|Dlrad 
br N.HO. 


Butanrirait 




. . HCl 


13740 


Nitrio Mid 


. . HNO, 


13617 


Solphuric ftdd 


. . JH^O. 


15690 




. iH,PO. 


11343 


Formic acid 


. HOHO, 


134CO 


AMtio Mid 


. . HOAO, 


13400 



These examples suffice to show that the heat de- 
veloped when an acid is neutralised by s basic 
hydroxide bears no very obvious relation to the 
chemical activity of the acid, as indicated by other 
chemical reactions in which it is capable of taking 
part. The ionisation hypothesis afibrda an explana- 
tion of this which is consistent with all the &ct6 
known. The heat produced ia such changes as 
these is chiefly due to the formation of water, and 
not to the production of the several salts, which 
like the acids and bases are electrolytes, and are 
therefore, according to the hypothesis, dissociated to 
a considerable extent when in aqueous aotuti<m. 
The change which occurs when soda and hydro- 
chloric acid are brought together is therefore not to 
be represented by the fiuniliar quotation : 
UG1+ N»HO «NftOI + Ufi. 

The expression must take rather the foUowing 
form: 

H+CI+N»+HO=Na+a+H,0 
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And &om thifi it appears that mter is a eompound 
which diffeiB from raustio Boda and neariy all other 
soluble oxidee, chlorides, and salts, inasmudi as it is 
not under ordinary circumstances ionised to any 
considerable extant This agrees with what is known 
of the properties of water as on electjvlyte. It 
results from the experiments of Davy, and of all who 
have followed since his time, that water is a very 
bad conductor, and its conductivity diminishes in 
proportion as it is deprived of dissolved salts or 
other substancea Pure water is very difiBcult to 
make, sod still more difficult to preserve ; but when 
every precaution has been taken to avoid conhaoina- 
tion from the vessel in which it is kept, and from 
the atmosphere surrounding it, the conductivity is 
so small that ike results given by different ex- 
perimenters differ widely from one another. It is 
perhaps owing to this remarkable peculiarity that 
water so well plays its part in native as a liquid 
which is almost absolutely neutraL While in some 
cases it behaves as a feeble acid, H.HO, and in other 
cases as a feebly basic hydroxide, its action is de- 
termined by the nature of the substance in contact 
with it. The property which especially distinguishes 
water from the majority of other chemically neutral 
liquids is the power it possesses of rendering acids, 
bases, and salts electrolytically conductive when 
dissolved in it, that is, according to the hypothesis, 
causing them to be resolved into their respective 
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The heat of neutralisatioD of acids per equivalent 
is &oin 13,000 to 14,000 calories on the aTerage. 
The differences noticeable in the values given above 
are attributed to the different extent of ionisatioa 
in the different acids vhen mixed with the same 
amounts of water. They are also partly due to the 
fact that in some coses, notably that of phosphoric 
acid, the normal sodium salt supposed to be formed 
is partially decomposed in the presence of water 
into soda and acid (hydrolyaed), and hence the inter- 
action between equivalent quantities of base and acid 
is in such cases incomplete. 

Such in broad outline are the views accepted by, 
we must suppose, the majority of chemists at the 
present day. They are consistent enough among 
themselves, but while they help to connect together 
many &cts and phenomena they are still attended 
by many difficulties, and leave much that has alwaj^ 
been obscure still unexplained. 

The ions, according to Arrhenius, are associated 
with electric chaises, but whence these charges ore 
derived is far from intdligible. Taking common 
salt, for example, this substance in the solid state is 
universally supposed to be made up of atoms of 
sodium in juxtaposition with atoms of chlorine; 
when the salt is dissolved in water a la^e propor- 
tion of the whole number of molecules are at once 
resolved into ions of sodium with a positive charge 
and ions of chlorine with an equal negative charge, 
and if the liquid is diluted the number of these dis- 
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sociated and charged particles increases till there are 
very few, if any, molecules of salt left. It does not 
appear necessary to the ionic doctrine, however, to 
assume the permanent residence of charges of elec- 
tricity upon the separated atoms. It is only neces- 
sary to state what is the fact, that there are two 
classes of elementary atoms. One of these includes 
hydrogen and the metals which, in virtue of some 
peculiarity of their structure, are capahle of becoming 
associated with a unit chaise of positive electricity, 
and conveying this from the positive electrode to 
the n^^ive in the process of electrolysis. The 
other class includes oxygen, the halogens, sulphur, 
and perhaps some others, which are similarly en- 
dowed with the power of conveying negative elec- 
tricity only, and in the process of electrolysis travel 
with their unit charges &om the n^^ve to the 
positive sur&ce. On such a hypothesis the initial 
difBculty as to the determining cause of ionisation 
when a substance like salt ia dissolved in water, is 
certainly not greater than that which attends the 
ordinary view; and, further, it may he pointed out 
that it is not yet proved that all the elements come 
within the two classes just mentioned. Carbon 
notably seems to be incapable of assuming the ionic 
state. Its chlorides are non-electrolytes, as are all 
its hydridw,' and when electrolysis of a compound of 
carbon like acetic acid occurs, the hydrogen ion 

' Bee, bowerer, Helmholti'i Tsradky Iieotnre, Jbitm. Chem. Soe., 
S9, S81 (1B81). 
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goes to the cathode as usual, while the carbon, carrying 
also some hydrogen with it, accompanies the oxygen 
to the cathode. The old question is, in bet, not yeA 
finally answered: is chemical combination due to 
the joining together of electrically charged atoms ? ' 
in other words, is "chemical affinity" identical with 
electricity ? This may be true of acids, bases, and 
salts, but there is nothing to lead us to suspect that 
the atoms of carbon, hydrogen, and oxygen in si^ar 
are held together in any such way. If the chemical 
energy of the sodium and chlorine becomes electrical 
when common salt dissolTea, there is no obvious 
reason why the chemical energy of the sugar 
should not, at least in part, undergo a correspond- 
ing change, and give an electrolyte, of vbicb the 
hydroxyl present in the sugar molecule would 
naturally be the ne^tive ion. Sugar, however, 
shows a normal osmotic pressure, and does not 
conduct eleetrolytically. 

The only compounds of carbon which are capable 
of pure electrolytic decomposition are those which 
play the part of acids, and in such cases the carbonyl 
group, .CO.OH, is usually present, and is resolved 
into H, which goes to the cathode, while the CO.O 
passes to the anode, dragging with it all the remain- 
ing carbon, hydrogen, and other atoms which are 
attached to it in the compound. It is easy enough 

' In reoent loctare* at tbe Royal Inrtitntlon Sir J. J. 'HioaMM 
hM gWen reaBona for believing that ohemiol combiEstion doei oot 
t»fc« ^Boe brtwoan »tomB oRxmtrfj oh»^od with •Uotrioi^. 8m 
alio the Bakenan Leotare," Prw. Rog. Soc., 91a, I. 
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to see why the conductivity of trichloracetic acid, 
GC3,.C00H, ao greatly exceeds that of acetic acid, 
for Uie anion has not the burden of hydrogen atoms 
to carry to Uie electrode, but has in the chlorine 
a paasoiger vhich actually helps to row the boat 



Nitrogen is another element about the capability 
ot wluch to form an ion there was at one time 
some room for doubt Ammonia is not an electro- 
lyte unless disaolved in water, and then it behaves 
as a hydroxide. Nitnc acid is resolved into H and 
NO^ which LB further broken up by electrolysis. 
The only compound in which nitrogen alone figures 
as an ion appears to be hydrazoic acid, or diazo- 
imide, HNg, of which the ions must be H and N,. 
By electrolysis of its aqueous solution it is resolved 
into hydrogMi and ordinary nitr(^;en {Jowm. Gkern. 
Sec.. 77, 606, and 705). 

Electrical dischai^;eB are capable, however, of pro- 
ducing other effects than those which are manifested 
in the electrolysis of liquids. So long ago as the 
«Dd of the M^teenth century it was observed that 
a peculiar smell was developed in the air new a 
frictional electrical machine, and the cause of this 
was shown by Schonbein' in 1840 to be due to 
the production of a peculiar substance, ozone, which 
latw researches identified with an allotrope of oxygen. 
The use of the so-called silent discharge was later 
adopted by Brathelot, and one of the most ioterast- 

< For the IiWatj of Oioae, ■«« OdUng, Free. Jtog. Intl., 1872. 
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ing results of his experiments was the production 
of persulphuric anhydride S^O^.^ The silent dis- 
charge, as well as the spark and the arc, appears to 
produce its effect by local sudden heating followed 
by rapid coolit^, and the products usually consist of 
compounds formed by the union of the gases present^ 
or products of condensatioD tike ozone. Some of 
these interactions have assumed within recent years 
considerable commercial importance, as, for example, 
in the condensation of atmospheric nitn^en and 
oxygen in the synthetic maou&cture of nitrates,* and 
in the combination of nitrogen and hydrogen for 
the production of ammonia. 

But the most surprising results have been observed 
when the discharge is caused to pass through a gas 
under pressure considerably below the ordinary 
atmospheric pressure. From the time of the in- 
vention of the induction coil, the phenomena ex- 
hibited by the discharge through rarefied gases, the 
glow, unequal at the two poles, the stratification of 
the luminosity, and so forth, have attJ«cted consider- 
able curiosity. But improvemmts in the means of 
produciiLg a high vacuum, and in particular the 
invention of the Sprengel and other forms of mercury 
pump, led to the discovery of very remarkable &cts. 
In the hands of Sir William Crookes ' the phenomena 
led him, about 1879, to the conception of the ultra^ 

* Comft. Send., 86, 20. 

■ See " The UtUlsatioii of Atminpherio Hltn^n," by Profenor 
CroMlaj, F.RS., FlutrMaetutical Journal, March 1910. 
' Pnc. Rog. Sac, 30, 1S9 (1880). 
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gaseous state of matter in which the mean free 
path of the molecules is supposed to become so long 
that they interfere with one another by collision to 
a comparatively slight extent 

The stream from the cathode is deflected by the 
approach of a magnet, and when it strikes on the 
wall of the containii^ vessel, or on any solid placed 
in its path, it produces incandescence or phosphores- 
cence At the same time there is generated another 
kind of radiatiota discovered by Rontgen, and usually 
spoken of as the X-rays. These are capable of pro- 
ducing photographic effecta, and are peculiar in the 
power they possess of passing through many sub- 
stances which are opaque to ordinary light. These 
X-rays are not supposed to be material, for they are 
not deflected by a magnetic or electric field. On the 
other hand, the cathode rays, which were supposed 
by Crookes to consist of electrically chained moUcuUa 
travelling with great velocity, have been shown by 
Professor J. J. Thomson^ to consist of negatively 
electrified particles much amaller than molecules of 
ordinary matter. The methods by which this re- 
markable result has been arrived at are described in 
Thomson's works (Conduction of Electricity through 
Qaeea, and The Gorpuacular Theory of Mailer). 

These minute particles, which have a mass approxi- 
mately TiVv^^ that of an atom of hydrogen, were 
originally spoken of as corpuscles, but the name 
"electron," first used by Johnstone Stoney, is now 

> PluL Mag., U, 293 (1897). 
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moBt obuaUj applied to them. That the charge they 
oarry is negatiTe is shown by the iraj in which 
they are deflected is an electric field, and since 
one kind of electricity is never manifested without 
the developniait of aa equal amount of the oppo- 
site sign, positiveiy charged particles are to be 
expected. These have been rect^ised proceeding 
fitim the anode, and when a perforated caUiode 
is used they form part of the rays which pass 
backwards throi^h the hole in the {data Tbs 
latter are known as canal rays or kamaUtraJilen} 
These poeitiye ions, however, have a much greater 
mass, which is never much less than that of the 
hydrogen atom. 

N^^ive corpuscles are produced in other ways, 
as by the action of heat on metals and other kinds 
of matter, and from radio-active substances, especially 
radium, and &om these observations has been de- 
veloped a remarkable corpuscular theoiy of matter 
(J. J. Thomson in the work already cited). 

Iliis theory assumes that the atom of the chemist 
is not the ultimate unit. Every atom must ocm^ 
of a mass of electrons held bother within a shdl 
of positive matter equivalent in amount, so as to 
produce a condition of electrical neutrality. When 
chemical combination exists between two atoms, it 
IS assumed that each possesses a number of unit 

' For the rsmArkkble reanlu obtained in the inTasUgstloii at 
theM r«y», see the " Bakeriu Leotare ** {Hay 2J, 1918) t« «■■ 
Boyal Society by Sir J, J, T" 
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charges of electricity^ {voportional to its valeDCy, 
and oppo«te in sign to the charges possessed by 
the atom with which it is united. Now what is 
called a charge of electricity apparently depends on 
the addition of an electron to an atom, or the aub- 
traction of the same amomit from it, so that a 
neigatively charged atom is associated with one or 
more additional electrons, while a positive atom has 
lost one or more electrons. Ramsay* has proposed 
to regard the electron as an element and to repre- 
sent it as a substantial link which binds atoms 
tc^ther in chemical union. When ionisation occurs 
the atoms are separated, the electrons remain attached 
to one kind gniag them eiectro-n^ative characters, 
while the others having no attached electron exhibit 
electro-positive characters. 

A remarkable recent result of the study of the 
electric dischu^e through gases is the production 
of a chemically active modification of nitrogen.' Its 
activity is manifested by the power it possesses of 
combining directly with metals and of attacking 
nitric oxide and other gases when mixed with them. 
It has loi^ been known that some gases in a vacuum 
tube show a luminosity after the discharge ceases, 
and this is spemtly characteristic of this active 
modification of nitrogen. Its activity is attributed 

< Th« niiit chatga !■ 964M ooolomb*, or tb« auonnt euiM b^ 
107-BB grama, or 1 gram eqaffkloDt o( ■ilrer to the oatbode in 
eIeotrol;aiB. 

> Stratt, Prot. Rof Soc^ Six, 819 <1»11). 
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to the presence of dissociated atoms of nitrogen, 
their reversion to the condition of ordiniuy nitrogen 
being accelerated when cooled in liquid air, the glow 
apparently attending this process. 

In 1880 Professor H. B. Dixon' discovered the 
remarkable fistct that a mixture of carbonic oxide 
and oxygen completely dried is not inOamed by 
the passage of an electric spark in contact with the 
gas. This attracted attention to other facts pre- 
viously known, which seemed to prove that chlorine 
in the absence of moisture was very far from being 
the active substance commonly supposed. Chlorine, 
it is DOW known, may be kept in contact with 
sodium, or with copper, for years without tarnishing 
the lustre of the metal, provided both have been 
most carefully dried, while on the introduction of a 
drop of water instantaneous combination occurs. 
Other experiments 'liy Professor Brereton Baker 
have demonstrated that the combustion of carbon, 
sulphur, and even phosphorus in oxygen is pre- 
vented at temperatures considerably above the 
ordinary igniting points of these substances if 
moisture is removed as completely as possible,* and 
that even ammonia and hydrogen chloride,* and 
nitric oxide and oxygen do not combine when both 
gases are perfectly dry. On these and some other 
results attempts have been made to construct an 

> SriL Attoe. Report, 503 (1S80). 
' Proe. Sag. Soe., 4B, 1-3 (1888). 
■ Jmtm. Ohem. Soe., 611-624 (18H). 
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electro-chemica! theory of combination, which, how- 
ever, requires that in aU cases of union a small 
quantity of some third substance, not necessarily . 
water, must be present It will be necessary, how- 
ever, to study the conditions of chemical change 
yet more fully and completely before anything more 
than partial and tentative hypothesis will be within 
reach. 
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CHAPTER IX 

DISCOVERIES RELATING TO THE LlQUKFACmON 
OF GASES 

It is perhaps not surpri^ng that the older chemists, 
dovn to the middle of the seventeenth century, 
should have been almost entirely ignorant as to the 
relation of " volatilo spirits " and air to other kinds 
of matter, and that no clear distinctions could be 
drawn between the different kinds of air, whether 
as to chemical composition or physical properties, 
till the experiments of Black, Priestley, Cavendish, 
and lAvoimer in the middle of the eighteenth century 
brought so much new light upon this difficult sub- 
ject. For, down to our own day, notwithstanding 
exact knowledge as to their composition, a purely 
arbitrary distinction prevailed between " permanent " 
gases and other kinds of vaporisable subatanca We 
owe the abolition of this artificifd and baseless dis- 
tinction, and our present convictions as to the unity 
of the essential nature of all terrestrial matter, to a 
long course of experimental inquiry, the history of 
which during these later years forms a tangled web, 
the several threads of which are very difficult to 
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foUov dearly, and the pursuit of which would not 
be very profitable to the student.* 

The first recorded reference to the Uque&ction of 
a commonly recognised gas occurs in Fov/rcroy'a 
Chemistry, vol. ii. p. 74, where it is stated, without 
any description of the process, that Citizens Monge 
and Clouet have liquefied sulphiuvus acid (sul^diur 
dioxide). The next experiment of the same kind 
was made by Northmore, who, in 1805, reduced 
chlorine and probably also sulphurous add to the 
hquid state by compressing the gas, by means of 
a brass condensing syringe, into a pear-shaped glass 
receiver.* From this time till the subject was taken 
up by Faraday no gases were reduced to liquid, but 
in the interval Cagciard de la Tour carried out his 
remarkable investigation into the action of heat 
upon volatile liquids.' By heating to various tem- 
peratures water, or ether, or alcohol, cont^ned in a 
gun-barrel stopped at each end, he was able to 
prove that such liquid may be wholly changed into 
vapour, notwithstanding the existence of an enor- 
mous pressure, and in the case of ether the vapour 
thus formed occupies a volume less than twice the 
volume of the liquid &om which it is produced. By 

1 A bilembly complete and impartial statemotit of the contrlbn- 
tioQS made to tbe Bobject at the liqaefaoCion of gases by Tariona 
experimeateia who bare devoted themBeWes to It, is siTeo by 
Fdnoe Erapotkin In the Ninetemtk Omtury for Ang. 1S98. For 
more recent reaaltt see article " Liqaef action " in Thvrft't Dictionary, 
new Bil., vol. lii. 

' NichalKm't Journal, Xii. and XiH. 

■ Ann. CA«n., 2Dd Beriea, 21, 127, 178, and 22, 410. 
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enclosing a stone ball in tlie tube along vith the 
liquid, he was able to tell when the liquid bad 
entirely evaporated by the character of the sound 
produced within by rolling the ball to and firo, and 
he even succeeded in making some rough estima- 
tions of the pressure of the vapour within. Similar 
results were afterwards obtained in glass tubes. 

The researches which ultimately led to the lique- 
faction of all known gases were b^[im by Fuwlay 
and Davy in 1823. The example of steam, which 
is known to be condensable to liquid water either 
by cooling or by pressure, would lead naturally to 
the belief that some at least of the substances called 
gases might be vapours of very volatile liquids con- 
densable like steam to liquid. In dealing with a 
gas two methods present themselves when the object 
is to subject it to pressure: the one already used 
by Northmore consists in the direct application of 
mechanical pressure by means of a pump ; the other 
consiats in enclosing materials from which the gas 
can be generated within a tube strong enoi^h to 
resist the pressure of the gas as it accmnulates. 
The latter was the method used by Faraday. The 
first case examined was that of chlorine, which bad 
been found by Faraday himself to form a crystalline 
compound with water. It is now a Uttle doubtful 
what idea led to the heating of these crystals in a 
closed tube, and whether it occurred first to Davy 
or to his assistant. Faraday had been previously 
oceupied with chlorine, and had discovered two 
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chlorides of carbon in 1820. But Davy seems to 
have suggested the experiment which led to the 
observation of liquid chlorine, and to have regaiiled 
the condensation of the gases as his ovn. subject 
(see Faraday's ReaearcheB, p. 139). Immediately 
after this muriaUc add was liquefied by a similar 
method, in which the materials used were sal-am- 
moniac and sulphuric add, and Faraday, there can 
be no doubt, was the operator. Faraday also lique- 
fied in glass tubes sulphur dioxide, sulphuretted 
hydrogen, carbon dioxide, nitrous oxide, euchlorine, 
cyanogen, and ammonia. There then remained only 
the gases of the atmosphere, namely, oxygen and 
nitrogen, beside hydrc^en, marsh gas, curbouic oxide, 
fmd nitric oxide, which roaisted idl attempts by this 
method to change their state, and arsenetted hydro- 
gen, hydriodic and hydrobromio acids, which 'were 
easily overcome by Faraday when some twenty 
years later he resumed his experim^its upon the 
subject. In the meantime Thilorier in Paris, acting 
upon the SEune principle, with the substitution of 
metallic cylinders for glass tubes, prepared large 
quantities of liquid carbon dioxide, and was the first 
to obttun this substance in a solid state.^ For this 
purpose he used the now fiimiliar method of allowing 
a jet of the liquid to escape through a fine orifice 
into a box of peculiar construction, where, in con- 
sequence of the evaporation of a portion of the 
liqmd, the rest is chilled below its ireezing point, 

> Ann, CUm.. 60 (ISSC), tS2. 
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and accumul&tea in the form of a fine snow-like 
powder. This aolid material has ever since played 
a prominent part in many experiments requiring a 
low temperature, and though it is not by the aid of 
solid carbon dioxide that the most remarkable results 
have been obtained, it remains to this day an ex- 
tremely valuable ciyogenic f^nt. In 1845 Faraday 
published * the results of further attempts to liquefy 
the gases remaining unsubdued by his earlier method. 
He now employed two pumps for compression, and 
glass globes fitted with stop-cocks as receivers. The 
latter he cooled to a temperature of 166° F. below 
zero, by means of solid carbon dioxide and ether boil- 
ing under reduced pressure. In stating the con- 
siderations which led him to employ this agent, and 
in discussing the want of success in dealing with 
the six so-called permanent gases, Faraday evidently 
had ideas which came very near to an anticipation 
of the important principle established twenty years 
later by Andrews. With regard to the experimental 
conditions he says, " As my hopes of success, beyond 
that heretofore obtained, depended more upon de- 
presnon of temperature than on the pressure which 
I could employ in those tubes, I endeavoured to 
obttun a still greater degree of cold. There are, in 
&ct, some results producible by cold which no 
pressure may be able to ^ect Again, that beautd- 
fiil condition which Cigniard de la Tour has made 
known, and which comes on with liquids at a certfun 

* PkiU Ttwu. (1U6). 1S5, and OMkM Waria, p. 96. 
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heat, may have its point of temperature for some of 
the bodies to be experimented with, as ozygea, 
hydr(^8D, nitrogen, &a, below that belonging to the 
bath of carbonic acid and ether; and in that case 
no pressure which any apparatus could bear would 
be able to bring them into the liquid or solid state." 
And later on he observes that " the temperature of 
- 166° F. below 0°, low as it is, is probably above 
this point of temperature for hydrogen, and perhaps 
oxygen and nitrogen; and then no compreauon, 
without the conjoint application of a d^^ree of cold 
below that we have as yet obtained, can be expected 
to take from them Uieir gaseous state." 

Here, then, the resources of the physical labora- 
tory seemed to have been exhausted, and it is 
probable that, slowly as successive steps toward 
the desired end, the reduction of the remaining 
intractable gases, seemed to be accomplished, pro- 
gress would have been still further delayed but 
for the important experiments of Andrews, which, 
though carried on during many years, were not 
published in extenao till 1869> Previously to 1863 
Dr. Andrews had observed that " on partially lique- 
fying carbonic acid by pressure alone, and gradually 
raising at the same time the temperature to 88° F., 
the surface of demarcation between the liquid and 
gas became funter, lost its curvature, and at last 
disappeared. The space was then occupied by a 

1 " On the Oonttnnit; of tbe Omoodb uid Llqnid State* ot 
Mmtter" : The BakerlM Leotora {Phil. Trant., 1869, U- 675). 
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homogeneous fluid, which exhibited, when the 
pressure was suddenly diminished or the temperature 
slightly lowered, a peculiar appearance of moving 
or flickeriDg striee throughout its entire mass. At 
temperatures above 88° no apparent liquefaction ^ of 
carbonic acid, or separation into two distinct forms 
of matter, could be effected even when a pressure of 
300 or 400 atmospheres was applied." Andrews 
then proceeded to make a series of exact compari- 
sons of the volume assumed by carbon dioxide and 
air when submitted to pressure at successive degrees 
of temperature starting from that of the air. The 
results are most easily intelligible with the aid of 
the diagram given in the Bakerian Lectura Here 
the curves are drawn with reference to two axes 
of rectangular co-ordinates; the volumes occupied 
by the gases being the ordinates, and the pressures 
the abscissae, while the temperatures marked on each 
curve are niainttuned constant. 

The difference in the behaviour of carbon dioxide 
and air when submitted to gradually increasing 
pressure at the temperature of the air is well shown 
by the curves. While air is steadily reduced in 
volume as pressure increases, from 1 up to 110 
atmospheres, carbon dioxide contracts at all tempera- 
tures more rapidly thui would be indicated by 
Boyle's law, and at the pressure of 49-89 atmos- 

' It i» interesting hare to oomptuv Fuwlay'B remark in 1S46 : 
"I mm InoUned to tfaink tb»t «t 90* Cagniftid de la Toar's ttata - 
oomea on with eubonio acid."—aia«(ed Werkt, p. 109. 
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pheres liquefiiction b^na This is shown in the 
curve marked IS"-! by the audden change from a 
slope to a verticaJ direction. The other cuires 
show the nature of the volume changes which ensue 
when the same increase of pressure is applied at 
higher temperatures. Above 30*'-92 C. or sr'T F. 
Andrews found that no pressure was capable of 




producing visible liquefiiction. This temperature, 
then, is called the critical point; below this lique- 
faction occurs when sufficient pressure is applied, 
above it carbon dioxide behaves more nearly like 
a permanent gas in proportion as the tempera- 
ture is raised. All other gases behave in a similar 
way. 

On this aeries of observations Andrews was able 
to base an interesting distinction between a "gas" 
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and a " vapour," terms which up to this time 
had been used in an uncertain and arbitrary way. 
" Ether," he says, " in the state of gas is called a 
vapour, while sulphurous acid in the same state is 
called a gas; yet they are both vapours, the one 
derived from a liquid boiling at 35", the other 
irom a liquid boiling at — 10°. . . . Many of the 
properties of vapours depend on the gas and liquid 
being present in contact with one another, and this 
we have seen can only occur at temperatures below 
the critical point. We may accordingly define a 
vapour to be a gas at any temperature under its 
critical point. ... If this definition be accepted, 
carbonic acid will be a vapour below 31°, a gaa 
above that temperature ; ether a vapour below 200°, 
a gas above that temperatura" 

The most important deduction from the results of 
these experiments, then, supplies a clear explanation 
of the difficulty encountered in attempting the 
liquefaction of the aix exceptional gases. Up to 
this time the lowest temperatures att^nable had 
been above the critical points of all of them. It is 
now known that the criticfd temperature of oxygen, 
for example, is about —118'''8C., and that of nitrogen 
— 146°- C. It was not till towards the close of the 
year 1877, that two experimenters working aloi^ 
distinct lines arrived by the use of two different 
methods at substantially the same result. On the 
24th December 1877, at the meeting of the 
French Academy, two communications announcing 
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the liquefaction of oxygen were received, the one 
from M. Raoul Pictet of Geneva, the other from H. 
Louis Cailletet * of Chatillon-sur-Seine, Pictet • em- 
ployed what was essentially the method of Faraday, 
that is, he generated the gas within a closed vessel, 
where by its accumulation pressure was generated, 
and he cooled the tube containing the gas. He 
attained the success which was denied to Faraday, 
by the more efficient coohng of the gas. By means 
of the evaporation of liquid sulphur dioxide, the 
temperature of — 65" C. is reached, and at this point 
carbon dioxide is easily liquefied. By the rapid 
boiling of the liquid thus produced, the temperature 
of — 140" C. is attained. This is below the critical 
point for oxygen, and the pressure employed by 
Pictet in his first experiments, amounting to about 
475 atmospheres, was, therefore, excessive and 
unnecessary. Liquid oxygen was formed in con- 
siderable quantity, but the announcement in the 
following month of the liquefaction and solidificatjon 
of hydrogen was evidently based upon some error 
of observation, for we now know that the critical 
temperature of hydrogen is newly 120° lower in 
the scale. 

Cailletet employed an apparatus, ever since 
fiuniliarly known as a laboratory aj^liance under 
the name of the Cailletet pump, whereby a gae 

I " D« U condeoutioD de Voij^e at da I'ozyde d« ouboiM," 
L. CAlUebiit iCompt. Jbnd., 86. 121S). 

■ "Bxp4rieno«seaTlaUqadCMtiotidel'os}rKtue,"It.Pictet(Cbaifl. 
Send., SS, 1214). 
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can be submitted to considerable pressure, and 
when greatly reduced in volume the pressure can 
be suddenly relieved. Under these conditioos the 
expansion of the gas produces cooling, in consequence 
of which a portion of it appears in the form of 
minute droplets, of which a part remains suspended 
in the gas, giving the appearance of a cloud, and 
part usually collects in visible streams upon the 
side of the tube containing it. With this apparatus 
CaiUetet reduced to the liquid state oxygen and 
carbonic oxide, beside ethylene and acetylene, marah 
gas and nitric oxide. 

Two now remained of the original six uncon- 
densable gases, namely, nitrogen and hydrogen. 



Nitrogen yielded 



in the hands of the 
Polish Professors WnSblewski and Olszewski ; > but 
hydrogen resisted for many years the almost con- 
tinuous efforts which were made to collect it in 
the Uquid form, though in 1884 . Wr6blewski * 
announced that he had observed an appearance of 
ebullition as of Uquid in the gas under experiment. 
This was contradicted by Olszewski, who in his 
turn almost immediately afterwards' declared that 
he had obtained a similar effect under somewhat 
different conditions. The difficulties of the investi- 
gation now increased enormously, and it is not 
aurpri^ng that progress was slow, considering both 
the great pecuniaty cost of the work, involving as it 
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did the construction of much expensive apparatus, 
and the use of large quantities of liquefied gaaes, as 
well as the considerable personal risk involved in 
the employment of the very high pressures whi(di 
the various reservoirs of gas were required to 
susUun. Henceforwfuxl, for nearly twenty years no 
new principle was introduced. Cailletet in 1882 
recommended the use of liquid ethylene for the 
production of low temperatures, and when by the 
aid of ethylene oxygen in a liquid state could be 
obtiuned in &irly large quantity, this also was 
employed as a refrigerant. The application of 
external cold to the vessel containing the highly 
compressed gas was also associated with the cool- 
ing efifect [xxiduced by exptmsion as in Cailletet's 
method, and it was in this way that nitrogen was 
first liquefied by Wroblewski and Olszewski in 1883, 
as already mentioned. By a similar process Olszewski 
got evidence of the lique&ction of hydrogen, and 
was able a few years later to determine its critical 
temperature and boiling point ^ with some considw- 
able approach to accuracy. 

About this time, namely, in 1884, the producticMi 
of low temperatures and the lique&ction of gases 
became a subject of research in the laboratoty of 
the Boyal Institution, under Professor Dewar. H^ 
like the Russian chemists, employed' liquid nitrous 
oxide and ethylene as cooling agents, but save in 
the dimensions of the aj^paratus, no essential difier- 

» PkH. Mag.. Aug. 19»5. 
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euoe is apparent in the published acoounts of the 
methods of procedure, the principles iovolred beii^ 
exactly t^e same. The collection of large quanti- 
ties of liquid oxygen and liquid ur has, however, 
provided the means of producing and maintaining a 
low temperature for a length of time, sufBdent to 
allow a number of important investigations to be 
carried on, which have resulted in the discovery of 
many interesting facts relating to the physical and 
chemical properties of matter at temperatures not 
fiu- above the absolute zero. Some of these will be 
referred to later on. 

Zn the course of this work an ingenious device ot 
Professor Dewar's has |n^>vided the means of avoid- 
ing one serious difficulty. Of course all objects at 
the common temperature of a room ore at some 
200 d^rees Centigrade above the boiling points of 
theee very volatile liquids, and hence any glass or 
other vessel used for their collection is relatively 
very hot. Whrai the liquid is poured into such a 
vessel violent boiling at first occurs until the tem- 
perature of the glass is reduced to that of the 
liquid. But even then heat passes from the air 
into the walls of the vessel, and so to the liquid, fast 
enough to cause very rapid evaporation and loss. 
This is avoided by immersing the vessel in which 
the liquid is to be collected in a second vessel, also of 
glass, united with it at the mouth, and com[deteIy 
removing the sit from the space between the two. 
Atacoea such a vacuous space no heat can be brought 
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by convection of air, and as under ordinaiy circum- 
stances the amount of heat which is radiated to the 
contents of such a jacketed receiver is relattvely 
small, vessels of this kind afford the means of storing 
Uquid air, or oxygen, even for days, while the rate 
of evaporation becomes exceedingly slow. 

The year 1895 will be memorable for the introduc- 
tion of a principle which, though previously known, 
had never before been made the basis of a method 
for effecting the cooling of a compressed gas. It 
has, of course, long been known that when a gas is 
compressed it becomes heated, and if the operation 
is performed quickly, so that there is no time for 
much loss by radiation or conduction, the tempera- 
ture may be raised very considerably. This is often 
demonstrated by the use of the so-called "fire 
syrii^," which consists of a strong glass tube closed 
at one end and fitted with a piston. By introducing 
a drop of an inflammable liquid, such as ether or 
carbon bisulphide, and then suddenly forcing down 
the piston, so as to squeeze the air into a relatively 
small volume, a flash of light is seen, which is pro- 
duced by the igmtion of the mixed air and vapour 
in the tube. Suppodng a quantity of air compressed 
by a piston in a similar manner, and the heat dis- 
engaged is allowed to pass away, upon allowing the 
gas to expand again, and so to lift the piston f^unst 
the pressure of the atmosphere, a corresponding 
cooling effect will result, and the tempnature of the 
air will be low^^d. This is, in &ct, the principle 
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made use of in the most ordinaiy refii^erating 
machineB, vhidi are used for making ice for pre- 
serving meat, and for other purposes. 

About 1844 Joule made a number of experiments 
upon this subject, and demonstrated that the cold 
produced by the dilatation of a gas results from 
the conversion of heat into work in accordance with 
the universal principle. He thought at first that 
if the dilatation was so arranged that the gas did 
no work, then no cooling would result But it was 
pointed out later by Professor W. Thomson * (Lord 
Kelvin), that this is only approximately true for 
ordinary gases, which do not strictly comply with 
the gaseous laws connecting volume with pressure 
and temperature, and that some cooling would occur 
under such conditions, the effect being the greater 
in gases which, like carbon dioxide gas, were less 
perfect than others, like air. This was verified by 
exp^iment, gases under consndeiable pressure being 
allowed to escape through a porous plug. Air at 
16" C. was found to be reduced in temperature 
about '26 of a degree Centigrade for each atmos- 
phere of release, oxygen at 0* was cooled "Sie" C, 
and carbon dioxide 1-252° C. per atmosphere. The 
amomit of such cooling is approximately inversely 
aa the square of the absolute temperature, so that 
the colder the gaa is while under pressure the more 
it is cooled by releasa At about —130° C. com- 
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pressed air is cooled to the extent of about 1° per 
atmosphere taken ofi!, 

This principle has been applied not only by 
Cailletet in the apparatus successfully used in the 
lique&ction of oxygen, but by later Torkers in tiie 
various attempts to reduce oxygen to the liquid 
state. Thus Olszewski, in 1884, exposed hydrogen 
gas under a pressure of about 150 atmoepheres to 
the temperature of-211'' by means of liquid oxygen 
boiling under reduced pressure. The pressure of the 
hydrogen vaa then reduced to about 20 atmos- 
pheres, and being thus reduced in temperature below 
its critioid point a portion of it was liquefied. 

W. Siemens, in 1857, seems to have had the idea 
of "regenerating" cold by applying the same prin- 
ciple which ia used in his well-known regenerative 
furnace for the storage of heat, but this idea was 
never canied into practice. Later, in 1885, Solvay 
patented a process based upon the same prindplev 
which involved the use of an expuifflon cylinder. 
By such methods, however, the difficulty of exclud- 
ing access of heat from without puts a rather narrow 
limit upon the amount of cooling actually atteunabla 

Hote recently a method has been devised by 
which such cooling effect can be made practically 
cumulative, the gas while still under preasure being 
cooled by another portion of the same immediately 
after release. A description of such apparatus by 
which practical results upon a large scale were ob- 
tainable was given for the first time by Herr Linde, 
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an engineer, of Munich ; ^ but a patent for an appli- 
cation of the same principle had been ohttuned pre- 
viously (May 23, 1895) m England by Dr. W. 
Hampson.* Both noachines have since undergone 
modification in detaU, and are now employed suc- 
cessfully on a manufacturing scale for the Uque- 
&ction of air for use as a refrigerating agent, and for 
other purposes. It is impossible to describe the ap- 
paratus in* detail without the use of many diagrams, 
but from what has already been said it will be easily 
anticipated that it is only necessary to provide a 
spiral coppw tube having a fine hole at its extremity 
for the escape of the compressed g^s, and a metal 
cylinder surrounding the coil through which the gas 
enters, so that the gas cooled by expansion is made 
to return over the coils of pipe before escaping into 
the air. The entering gas thus has its temperature 
continuously brought lower and lower, till at last it 
is reduced below the critical point of the gas, and 
the pressure being sufficient a portion of the gas 
liquefies, and ia blown in drops and spray out of the 
hole at the end of the spiral. Of course the whole 
ammgement requires to be very efficiently protected 
by non-conducting material against the entrance of 
heat from the outside air. 

By such means, then, all those substances formerly 
spoken of as " permanent " gases have been seen in 

' An Bcooaut ol thew expei^enta wu given In the Jinginttr, 
Ocb. 4, 1SQ6 ; and Uter more fully in the How&nl Leotniei, \iy Pn- 
te»aoiSwlTig {Journal <ifUieSoBMs of Aru,ltlB7.p.lO»l). 

' Described iu tbe Jaurn. Sue. Chaa. Ind., 1898, IT, 111. 
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the liquid state, and most of them also in the form 
of solids. Nevertheless, of the long-knovn gases 
hydn^n alone remained unobtainable in quantity 
to allow of its more complete study. The boiling 
point and critical temperature were known approxi- 
mately from the experiments of Olszewski, but all 
attempts had failed to liquefy the element in such 
qiumtity that it could be retained in an open veesel 
under atmospheric pressure. This important and 
interesting result was ultimately achieved in the 
laboratory of the Royal Institution under the direc- 
UoD of Professor Dewar. The apparatus employed 
was somewhat more complicated than that which is 
required in the case of air or oxygen, as it is neces- 
sary to cool the gas strongly before uang the self- 
intensive process already described. This arises from 
the fact that at the temperature of about— 80° C. 
in the case of hydrogen the Joule-Kelvin e£^t is 
reduced to zero} It is gratifying to reflect that 
this should have been accomplished in the Royal 
Institution, where the first successes in this field were 
won by Faraday. The facts are as follows : 

On May 10, 1898, hydrogen was for the fiist 
time seen to drop from the nozzle of the apparatus 
into a specially constructed receiver, where some 
20 cubic centimetres, or nearly three-quarters of a 
fluid ounce, collected in about five minutes. Larger 
quantities have since been obtained, but the propor- 

> Tnrere hae described a modifloation of the Hampson liqnefier 
naing liqnid air to cool the hydrogen. — PliU. M(uf., 1901 (6), 1, «1. 
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tioD of the whole gas reduced to the liquid state was 
in the earlier experiments only about 1 per cent 

Hydrogen in the liquid state is a clear, colourless 
liquid which exhibits a well-defined surface. It is 
remarkable for its low density. This was determined 
by measuring the volume of the gas obtained by 
evaporatiog 10 cubic centimetres, and was found to 
be rather less than (H)7, or about one-fourtee»ih ths 
density of liquid vxtter at 0°. One interesting point 
as to the relations of hydrogen seems to have been 
settled by these results. The &Tourite idea, probably 
originating with Graham, and generally held for many 
years, has been that hydrogen was the vapour of a 
very volatile metal. Its association with the metals 
in chemical and electrolytic decompositions, and the 
absorption of large quantities of the gas by palladium 
without loss of its metallic properties, always seemed 
to be consistent with this notion. But it is now clear 
that hydrogen in the liquid state does not exhibit the 
characteristics of a metal, but seems rather to find 
its nearest anal^^es in the gases of the paraffin 
series, marsh gas and the rest, though liquid 
hydrogen has only about one-sixth the density of 
liquid marsh gas. The boiling point of this wonder- 
ful liquid was found by later experiments to be 
about 252''-253° below the Centigrade zero, and 
therefore about 20° above the hypothetical absolute 
zero. At about 4° lower it freezes into a waxy solid. 

There now renwoned only one of the known gases 
which resisted all attempts to change its state, namely, 
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Uie inert gas helium. And for ten years it retained 
this exceptional position. As its molecular and 
atomic we^ht is 4, while the molecular weight of 
hydrogen is 2, it might perhaps have been expected 
to yield mote readily, and its peculiarity is doubtless 
attributable to its monatomic constitution. Not- 
withstanding many attempts and some premature 
announcements, it was not till 1908 that definite 
lique&ction of helium in quantity which admitted 
of no mistime was announced from the cryogenic 
laboratoiy of Professor Kamerlingh-Onnes at Leiden.* 
Two hundred htres of heliimi specially purified from 
traces of hydrogen were cooled by means of liquid 
hydrogen, and at this low temperature circulated 
through the llquefier. More than 60 cubic centi- 
metres (over 2 fluid ounces) of liquid heUum were 
obt^ed. The boiling point of the liquid is approxi- 
mately i°-& absolute, or 268'-269'' C. below 0° C. 
Though made to boil under diminished pressure it 
did not solidify. The density of the liquid is 0*15. 
In this operation probably the lowest temperature 
ever obtained has been reached. It is estimated to 
be below 2*5° absolute. 

The question so often debated as to what would 
happen if a gas could be cooled to this absolute zero 
is already partly answered. All gases change to 
liquids before the zero is reached, but what would 
ensue if the liquid could be deprived completely of 
heat remains a question. We know that when a 
> CWip'. StMi., 1906, U7, 421. 
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liquid ia made to boil it carries off heat — so-called 
latent beat— in tbe resulting vapour, and if cbanged 
into vapour by reduction of pressure only, the latent 
heat is supplied at the expense of its own aen^ble 
heat, and cooling is the result. . As aJready stated, 
liquid helium has given the best resulL 

In such cases, of course, all ordinary thermometers 
are useless, and temperatures have to be determined 
by a platinum resistance coil. But since the electrical 
resistance of metals is much affected by changes of 
temperature, the estimates arrived at can be only 
approximate. It seems likely, therefore, that the 
absolute zero of the thermometric scale wUl remain 
for some time a subject upon which the scientific 
imagination can continue to be exercised. 
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CHAPTER X 

BADIO-ACTIVITY 

The interdependence and indeed the inseparability 
of the two departments of science commonly known 
as physics and chemistry have never been illustrated 
more remarkably than during the last few ye»s. No 
history of progress in the one department can be 
traced without showii^ how the methods of experi- 
ment and obserration and forms of hypothesis tradi- 
tionally associated with the other are found to be 
indispensabla 

The discovery of the phenomena of radio-activity is 
quite recent, but it has already made very consider- 
able advances, which may be summarised for the 
chemist by the statement that it has added some 
thirty-seven new sub8tan9es to the list of " elements," 
it has provided new methods of experimental re- 
search, and it has thrown some light on the tantalis- 
ing problem presented by the periodic law, and has 
encouraged further speculation as to the ori^n and 
life history of the elements. The field thus opened 
therefore leads directly to questions concerning the 
very foundations of the phyracal universe, and though 
at present it affects but slightly the progress of 
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ordinary chenuBtry, the future will doubtless see 
profound changes in the theory of chemical action. 

The discoveries which led to the isolation of radium 
originated in the researches of Professor Henri 
Becquerel in connection with the phenomena of 
phosphorescence. The inquiry as to a possible con- 
nection between the emission of Rdntgen's X-rays 
and phosphorescence led him to examine the action 
of uranium salts, exposed to sunlight, on a photo- 
graphic plate wrapped in thick black paper. On 
developing the plate an impression of the crystal was 
obtained. It was immediately afterwai<ds found that 
previous exposure of the crystal to light was not 
necessary to the effect, which was produced equally 
well in the dark, and was evidently due to a property 
inherent in the uranium salt. Very soon after this 
discovery Becquerel found that the new radiation 
had the power of rendering the neighbouring air a 
conductor, and so dischai^g electrified bodies. 
These and other experiments were made in .the early 
months of the year 1896.^ I^ter researches by 
G. C. Schmidt' showed that compounds of thorium 
possess similar properties. 

About this tune the phosphorescence and other 
properties of uranium attracted the attention of 
Madame Marie Curie,* who applied the electrical 

■ Compl. Rmd. (1896), pp. 120, 601, G59, 762, 8£5, And 1086. 
' Onupt. Xend. (189S), 1204. 

■ " BadiD-BOtive Sabstancee " : b thuis presaoted to the FmiUU 
des SotoaoM, Ptjia, Tmulated into the Chenieai Ifatt, AognM 
1903. 
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method in measuring the radio-activity of a large 
number of subatances, including uranium and thorium 
and their compounds. It was found that all the 
minerals which ahowed radio-activity cont»ned one 
of these tWQ elements, but certain ores of uranium 
exhibited an activity much greater than that of 
metallic uranium. It therefore appeared probable 
that these minerals contained a small quantity of a 
strongly radio-active substance. Accordingly Madame 
Curie, aided by her husband, Professor Pierre Curie, 
proceeded to subject the pitchblende from the 
Joachimsthal (Austrian) mine to a systematic chenucal 
treatment, each product being successively tested for 
its radio-active power. The process led to the separa- 
tion of one strongly radio-actjve substance accompuiy- 
ing bismuth, and to this the name polonium was given 
by Madame Curie in honour of her native country. 
Another, called radium, which accompanies the 
barium obt^ed &om pitchblende, was separated 
from baiium by taking advantage of the difference 
in solubility of the chlorides in water, in dilute 
alcohol, or in dilute hydrochloric acid. Badium 
chloride is less soluble than barium chloride. Later 
experiments led to the bromides being preferred for 
this purpose. 

A third strongly radio-active substance was identi- 
fied in pitchblende by M. Andr^ Debieme,* and was 
called by him cu^inium. Others have been announced, 
such as radio-lead and ionium, but up to the present 
> Compt. Htnd. (1899), 189, S9S, and (1900), 130, 206. 
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radium compounds alone have been isolated in a 
pure atate. The atomic veight of radium waa esti- 
mated by Madame Curie as the purification pro- 
ceeded, and it was shown to increase in proportion to 
the radio-activity of the material, till in 1907 ' it 
reached 226'4. A later estimation by Thorpe,* made 
with about seventy milligrams of the salt yielded 
the figure 226'7. Experiments by Ramsay and 
Whytlaw-Gray, using a different method, gave 226*36 
as the atomic weight.* Radium is a bivalent ele- 
ment, and belongs to the same series in MendeUeff's 
table as barium, which it resembles closely in its 
chemical reactions and in the properties of its 
salts. 

Metallic radium has been isolated and is found to 
melt at about 700° and to be more volatile than 
barium. Like the alkaline earth metals it decom- 
poses water and forms a soluble hydroxide. The 
chloride fmd bromide are isomorphous with the 
corresponding compounds of barium. It is, however, 
the physical properties of this element which have 
ezdted the greatest interest In the first place, the 
radio-activity of radium as measured by its action on 
the electroscope is about 2,000,000 times that of 
urauiuni, and as the result of the researches of various 
physicists it has been shown that the radiation is 
complex in character. 

> Ompl. Ratd. (1907), 146, 432. 

• Pne. Soy. See., 80, 298 (1908). 

* Proc. Soy. Sot., 86, 285 (1912). 



p:h»Google 



332 THE PBOOBESS OF SCIEHTIFIC CHEHISTET {CBAT. 

Adopting the notation introduced by Professor 
Rutherford, the rays which are given off &om radium 
and other active bodies are distinguished as a, ^, and y 
rays, and they are recc^lsed and distinguished from 
each other by their behaviour in a magnetic field. 
From the mode of their deviation and &om their 
different powers of penetrating solid bodies, it has 
been shown that a and p radiations consist in Eact 
of soUd particles projected with great velocity, while 
the y rays are supposed to resemble the ROntgeu 
rays. A veiy remarkable property of radium (and 
of some other active elements) is the continuous 
emission of a dense chemically inactive gas. The 
fact that it is carried away from the solid radio-active 
substance by a stream of air led to its detection. 
It is liberated more readily by heating the radium 
compound or dissolving it in water. It can be con- 
densed ■ to a liquid by cooling to about - 150°, and 
when dissolved in water it decomposes that liquid into 
hydrogen and oxygen. The emanation of radium 
emits only a rays, and its activity, like that of the 
other emanations, diminishes with time, though less 
rapidly than those &om actinium and thorium. 
Radium emanation loses half its activity in rather 
less than four days. The loss of activity has be^ 
connected with the aimultaneous production of 
helium, a discovery of great interest which was made 
by Ramsay and Soddy ^ in 1903, and has been con- 
firmed by several other observers. But a step of even 

> Pne. Jtof. 3oe., 72, 201 (1903). 
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greater itnportonce was taken when it was shown 
that the a particles emitted by radium, by the 
emanation as well as by other kinds of radio-active 
matter, consist of atoms of helium carrying two imit 
postUve charges. This idea is due to the insight of 
Professor E. Rutherford, to whom we owe a theory of 
radio-active change which is now generally accepted. 
He baa shown that radium and the similar elements 
undergo a spontaneous disint^ration which is the 
catise of their radio-actiyity, and that each gives rise 
to a series of products which are separable from one 
another by their difference of volatility, and are 
recognisable by the rate at which their respective 
qualities of radio-activity diminish. Thus radium 
gives out a particles, that is charged atoms of helium, 
beside the emanation. Its period of half transforma- 
tion is calculated to be about 2000 years. The 
emanation in its turn gives off a particles with a 
period of 3'85 days, and is transformed into a solid 
with a short life, and it has been shown that this 
last substance, known as radium A, gives rise to 
at least wl successive transformations of a similar 
character. The following diagram indicates the 
general ciiaracter of these products, and radiations 
which are emitted from them, together with their 
half-value periods : 



t t ft M?* 

BmMiation-* R&A-^ R«B-^ lUC -» 

386 dayi. 3 miaa. 26-8 mina. 1S'& mins. 
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The three next stages are produced by com- 
paratively sloTT transformationa : 

Slow B we»k y a 

♦ tt t 

-* BaD -*■ RaE -» RaF (Folouinm). 

(Niton) 

16'5 rears. S days. 136 dsjs. 

The amount of polonium isolated up to t^e present 
is exceedingly small, much less than the amount of 
radium. It appears to exhibit a distinct spectrum, 
but except that it closely follows bismuth in its 
chemical reactions very little is known about it. 
When it decays the residue exhibits no radio-activity 
and is believed to consist of lead, which is thus the 
final and comparatively permanent end product of 
the transformations of radium. 

The estimation of the density of the radium 
emanation (called hy Ramsay niton) has been 
accomplished by Gray and Ramsay.' Details of 
the construction of the micro-balance and other 
apparatus required, and the principle involved in a 
new method of weighing and measuring a minute 
quantity of gas, are given in the memoir (loc. cit.). 
When it is remembered that the volume of gas 
measured was only about -^ cubic millimetre 
and its weight about -foVr milligram, and that a 
balance was required which would indicate a 
difference not greater than ^otfeoo milligram, the 
extraordinary delicate nature of some of the opera- 
' Pr<K. Roy. &c., M. 636 (1911). 
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tiona required in this departmeDt of research 
becomes obvious. The atomic veighta deduced 
from these experiments ranged between 218 and 227, 
with a mean equal to 223. The density of niton 
is therefore about 111, hydrogen being unity. The 
atomic weight of radium having been settled by 
previous observers as approximately 226'4, the 
authors show that three atoms of heliimi (at. wt 4) 
are lost by niton in its decay, and since it had been 
rendered almost cerUun by the work of Dewar, and 
from experiments by Rutherford and by Bamsay and 
Soddy, that four atoms of helium separate from one 
atom of radium, "it follows that one helium atom 
must escape when radium changes into its emana- 
tion : hence the true atomic weight of the emanation 
must be 222'4. This number hardly differs &om the 
mean (223) of the atomic weight determinations 
given in this paper." 

It may be added here that niton as a chemically 
inactive gas is placed by R&msay in the argon group 
of elements, notwithstanding its instability. 

During the transformations of the radio-active 
elements the expulsion of one or more a particles 
(helium) or /3 particles (electrons) is attended by a 
loss of energy, which appears in the form of heat. 

That a radium salt is always at a temperature 
about 2° above its containing vessel was discovered 
in 1903 by Curie and Laborde.' The results sub- 
sequently obtained show that one gram of radium in 

■ CWf>l. Ji<n<j., 136, 673 (1903). 
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equilibrium vith its products spontaneously develops 
a quantity of heat approaching 110 calories per hour. 
In order to account for this loss of energy it vsa at 
one time supposed that the radio-active body had the 
power of acting as a transformer of energy derived 
from external sources. This hypothesis has, however, 
given place completely to the disintegration theory 
already broadly described. A question next arises as 
to the final products of the disintegration, and much 
speculation has abready been provoked on the subject 
An instance has fdready been referred to in the case 
of polonium, and its supposed resolution into helium 
and lead. Whether the other radio-active bo<hes 
give rise by similar operations to common elements 
of lower atomic weight is still the subjoct of inquiry. 
Quite recently the position of the radio-active 
elements in relation to the periodic scheme has been 
the subject of remarkable papers by Professor Soddy * 
and Dr. K. Fajans.* Soddy states in his book, 
CheTmetry of the Badio-Elemente,' that when the a 
particle is expelled from an atom the element passes 
from a group of even valency in the periodic tf^Ie to 
the next lower numbered group of even valency, the 
bmily of odd num£er being always missed. But 
sometimes when the a particle is not lost, the atom 
undergoing change reverts to its original group. 
Further, it ia assumed by several writers that when 
a rayless or ^ ray change occurs, the atom changes in 

> Chemkal Nevu, Teh. 28, 191S. 
■ Btridite, 46, 122 (IQIS). * LoDgBUtus, 1911. 
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chemical nature, paesng from odd to even Talency, 
or even to odd valency. Following the course of the 
disintegration of uranium, thorium, and actinium 
respectively, products appear to be formed of ap< 
proximately the same atomic weight and the same 
valency, which are so closely edmilar to one another 
as to be inseparable by any chemical process. Thus 
it is said that the nx products of the three aeries, 
namely, the lead resulting from the decay of 
polonium, that derived from thorium C, radium D, 
thorium B, radium B, and actinium B, with calculated 
atomic v^hts ranging from 210 to 206, are non- 
separable from lead with atomic weight 207'1. In 
foct, that the lead of nature is a mixture with an 
average atomic weight of that value. This is to give 
a new meaning to the term atomic weight which 
recalls the speculations of Sir William Crookee nearly 
thirty years ago on the subject of "Elements and 
Meta-elemmits." ' 

The whole subject is, however, in its in&ncy, and 
though in active and vigorous growth, it will probably 
require the labour of a generation to place the 
chemical relations of the elements in a position 
beyond further disputa 

The discoveries of which a brief and necessarily 

* FreudentlRl addreas, Jovm. Chen. Soe. (1888), 487. 

For ft oomplets aoGonnt of imdfnm and of all that ts known 
eonoemiiig th« rest of tha ladio-sativa alBmenti, tha readar 
win do well to oODBnlt Profesaor Bntherford'i Sadio-aetive Su^ 
Oanett and tkeir RadiatiiMt. (Cambridge UniTBuity PreM, 
1913.) 
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impeifect sketch has just been grvea, together wiUi 
Uie eztraordiimry results of the researches of Sir J. 
J. Thomson and his school in oonnection with the 
effects of the electric discharge on gases, have proved 
that the atom of the chemist, hitherto assumed to 
be the indestructible physical unit of mass, is not 
only a complex body, but is resolvable into smalls 
particles. It is natural that this new knowledge 
should have stimulated speculation as to Uie origin 
and mode of formation of matter. It is impossible 
in one chapter to provide even a superficial review 
of the numerous hypotheses which have been pub- 
lished to the world during the last thirty years, but 
a general indication of their nature can be fpven 
in a few lines, and the reader who wishes to pursue 
the subject must be preptu^ for w extenuve litera- 
ture in seyeral languf^es. 

Broadly speaking, one view moat commonly ex- 
pressed assumes a process of evolution in or from 
a primal " uistoff " or protyle, the vfnar^ vXti of ancient 
speculation. By a gradual procees of oondensotion 
analogous, though not necessarily umilar, to chemical 
polymerisation, the elements are supposed to have 
come into existence one after the other in the order 
of their atomic weights, beginning with the smallest. 
Each atomic mass is thus assumed to represent a 
stable aggregation of the fimdam^tal stuS Why 
each of these should be stable while intermediate 
masses are not bo does not appear. One form of 
this view has been developed by Professor Emerson 
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Reynolds,' and subsequently expanded by Sir William 
Crookes.* It appears to assume that while, generally 
speaking, there is a gradual change induced by fall 
of temperature or some similar physical condition, 
there happens at r^;ular intervals a check of some 
kind which gives rise to a recurrence of the same 
changes in order, so as to account for the periodic 
characters of the elements as we know them, arranged 
in the order of their atomic weights. 

Other writers have suggested the existence of two 
or more primal materials which, by condensation 
together, account for the evolution of the elements 
with the positive and negative characters which the 
various fiunilies exhibit. For some of these specula- 
tions the authors look for support in the spectro- 
scopic observations of the stars and nebulffi, which 
not only show hues unknown in cotmectioo with 
terrestrial matter, but that the elements of low 
atomic weight appear to be more widely distributed 
than those of high atomic weight.^ 

Since the acquisition of knowledge as to the 
properties and origin of the radio-active elements, 
the idea of devolution of more complex to simpler 
forms of matter has come into the field of specula- 
tion. An attempt to apply this idea has already 
been referred to (p. 336). But it is of course im- 
plied in the assumption, which seems to be generally 

' (^emiMl Newt, M, 1 (1886). 
■ Ftoc Xog. Soc. 63, 40ft ( 1S98). 

* A ikatcb of tbe mora Important ol thete IiTpotbetea it given 
io Th» Semeiitt, W. A, TIld«D (Hvpers'). 
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accepted, that uramum ia the parent or gnmd- 
porent of radium. 
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the Royal Society on H. and Mine. Curie, and they shared 
with Henri Beoquecel the Nobel Prise for Physios. In the 
Mmo ye«r Ourie lectured at the Royal Institution, Lnidon, 
on radium. By a Umentahle street aooiduiit he wai killed in 
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CHAPTER XI 

SUMMARY AND CONCLUSION 

It must now be evident to the reader that ideas of 
the present day relating to the act of chemical 
combination and the nature and constitution of 
chemical compounds are very different from those 
of a hundred or even fifty years ago. The Atomic 
Theory has been not only received as affording a 
plausible explanation of the familifu- quantitative 
laws of chemical combination, but the theory has 
been enthroned as the predominant and indispen- 
sable doctrine to which every question in modem 
chemistry is referred, and of which the triumphs 
of modem theory supply the justification. Without 
the Atomic Theory and the doctrine of the orderly 
linking of atoms, the natural outcome of t^e recog- 
nition of that property of atoms which is now called 
their valency, " organic " chemistry would be a heap 
of confusion, and pn^press very slow if not im- 
pos^ble. The Atomic Theory, however, was not 
established without a struggle. The eu'ly (sude 
results of quantitative analysis were suffident for the 
genius of Dalton ; but the fixity of combining pro- 
portions can hardly be said to have been fully 
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establishftd till the researches of Stas (p. 103) sup- 
plied the neceaaary &ct8. The problem vhich led 
Berthollet in the early years of the niDeteenth century 
to dispute the truth of this fundamental proposUon 
is one which has ever since afforded materifd both 
for experimental inquiry and theoreticaj -discussion. 
We are quite satisfied now that every chemictd 
compound is definite in its nature, and that its 
constituents are joined together in proportions 
which cannot be varied except per aalt-wm, and then 
a new substance is produced. But the youngest 
student in practical chemistry soon finds out that 
the production of any given compound is laif;ely 
dependent upon the conditions of the experiment 
Of these conditions, one very important is the 
relation between the quantities of the acting mate- 
rials, another is the nature of the products of their 
interactioQ, whether solid, liquid, or gaseous, soluble 
or not soluble in the menstruum employed, and 
so forth. A beautiful experiment, illustrating the 
effect of mass or relative quantity, may be seen 
by mixing together a dilute solution of ferric 
chloride in water with a similar solution of potas- 
sium thiocyanate, when the familiar red coloration 
due to the production of ferric thiocyanate appears. 
If now this liquid be divided into two equal parts, 
and to one is added some more of the ferric 
chloride, a deepenii^ of tint will be observed, which 
seems to indicate that the iron was deficient in the 
original mixture. But if to the other portion of the 
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red aolutioQ a furUier dose of the thiocyanate is added, 
a similar deepening at once results. This, on the 
other hand, seems to show that the thiocyaoate was 
added to the original in insufficient amount. These 
results seem contntdictory, and at first sight the 
explanation is not apparent; hut on trial it will 
bfl found that, in order to produce the maximum 
effect, one or the other of the acting materials 
must be used in very great excess over and above 
the quantity indicated by the theoretical equa- 
tion which would be used to express the change. 
And so in many other instances we have to 
seek the conditions under which, in any system of 
bodies capable of acting upon one another, equiU- 
brium can be established. In most of these cases 
the changes which occur are reversible ; that is, 
they proceed in one direction till cerUun quantities 
of the products of interaction have accumulated, 
and the action then comes to an end. This we can 
now explain by a hypothecs which in its original form 
we owe to Williamson (see p. 285). It is now cletur 
that we must exchange the older statical views of 
chemical compounds, and their modes of interaction 
with other compounds, for others which involve the 
idea of motion among the atoms. 

In every such system as that described above we 
have two changes going on simultaaeotuty, the one 
between the two original substances, in this case 
ferric chloride and potassium thiocyanate, aixd t^e 
other betwe^i the products of their, interaction, 
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namely, potassium chloride and ferric tbiocyaoate! 
If these two changes take place at different rates, 
more and more of one of these pfurs of compounds 
will accumulate ; when they go on at the same rate, 
then action appears to be at an end, because equili- 
brium has been established. The action, however, 
must be supposed to continue, and the equilibrium 
results &om the two opposite interactions proceed- 
ing at the same rate. Such changes are generally 
represented by an equation in which the sign of 
equality is replaced by a pair of arrows pointing in 
opposite directions, to signify that the equation may 
be read backwards or forwards, thus : 

FeClj + SKONS ;f Fo(CN8),+ SKCl 

If now into such a system in equilibrium a larger 
quantity of any one of the substances present is 
introduced, a disturbance is set up which leads to 
the redistribution of its elements to a greater or less 
extent. This disturbance, there is reason to believe, 
is dependent upon the increased opportunities which 
are afforded to the constituents of the added sub- 
stance of meeting and reacting with the other 
elements present; in the case taken by way of 
illustration, the addition of more of the iron salt 
gives increased chances for the iron to find out the 
unchanged thiocyanate present in the hquid, and 
vice versfL Of course, in all such cases the extent of 
the change is also largely dependent upon tempera- 
ture, and where gaseous products are formed it is a3so 
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much dependent upon pressure. The nature of the 
solvent employed is important, for in the event of 
gas escaping, or of a solid precipitatii^, a part of the 
material is eliminated from the sphere of acticm, 
and a disturbance of proportions ensues. Id such 
cases the theoretically possible change is usually 
completely accomplished. 
I, So early as 1852 experiments vere made by 
Bunsen,' with the object of testing the "Law of 
Mass." He exploded mixtures of hydrogen and 
carbonic oxide with oxygen in different proportions, 
insufficient to bum both the gases; but the conclu- 
sions he arrived at were afterwards shown to be 
erroneous. 

Studies relating to the rate at which chemical 
change proceeds in particular cases have been 
undertaken by many chemists during the last forty 
years. One of the earliest was the investigation of 
the formation of compound ethers, by the inter- 
action of alcohol with acids, by Berthelot.*^ He 
found, as we should now expect, that the interaction 
proceeds more and more slowly as the ether and 
water are formed, until ultimately it comes to an 
end, although both acid and alcohol renuan in the 
liquid.3 Another important research was carried out 
by A, Vernon Harcourt and W. Eeaon,* in which they 
demonstrated the influence upon the rate of chaoge 

> LM^i Aimalm. 85, 137 (1863). 

' Ann. Chim. P\yi. [3], M, BS6 ; eS, 6 (1SG2). 

» Jmiir^ a<m. 8oe. [2], 6, «» (1867). 
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of vaiying the proportions of the materials m the 
reactions they examined. Other special cases have 
been examined by Gladstone, Horstmann, Dixon, 
Devjlle, Ostwald, Thomsen, and others, acme of 
whom have been referred to in a previous chapter. 
But the merit of formulating the fundamental prin- 
ciple of the action of mass, and thus bringing into 
scientific form previous vague notions about a£Gnity, 
belongs to the Norwegian physicists Guldberg and 
Waage. Their book, entitled Etudes trwr lea afflnitis 
chimiquea, publi^ed by the Univer»ty of Chriatiania 
in 1867, contains an investigation of the law of mass 
action, which has been of great service to theoretical 
chemistry. A discussion of the theorem would be 
unsuitable to these pages, but sufficient has been 
said to indicate the general nature of the inquiry. 

Temperature, as already explained, is a very im- 
portant &ctor in the circumsUmces which determine 
the rate of chemical chaoga At the low tempera- 
tures now obtainable by hquid air or oxygen all 
chemical activity seems to be suspended, while at 
the opposite end of the scale, at the temperatures of 
the electric arc or spark, all ordinary chemical com* 
pounds seem to be broken up into their elements. 

Chemical combination, then, is an affair of atoms, 
and their joining together or separating is r^^ulated 
by "uSimty," by temperature and pressure, and by 
the mass or relative qoantities of the materials pre- 
sented to each other. 

Whether isolated atoms or groups of atoms bearing 
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electric charges, that is to aay zona, are the unmediate 
pfuties in any given chemical action or reactioD, 
or whether an interchange between two molecules 
is preceded by combination of the molecules con- 
cerned in the form of a temporary union, or 
whether again all atoms are capable of developing 
" residual valency " by which they become attached 
to others in a more or less permanent way are subjects 
on which hypothesis has been lavished freely. 

It is not improbable that physical conditions as 
well as the chemical characters of the elements con- 
cerned influence the mode of attack profoundly, and 
that the explanation of chemical change is not to be 
attributed in every case to the same mode of action. V 

The general adoption of the Atomic Theory iCiu 
followed half a centuiy later by the great genenJiaa- 
tion known as the " Periodic Law." According to 
this principle, expressed in the words of Mendel^eff, 
" the properties of the elements as well as the forms 
and properties of their compounds are in periodic 
dependence on or form a periodic :^ction of the 
atomic weights of the elements." Until very recently 
the general truth of this statement had been demon- 
strated in respect to every known property of the 
elements with one exception, namely, the specific heat 
of these substances in the solid state. It has been 
mentioned already (p. 99) that this property varies 
considerably with temperature, increasing regularly 
with rise of temperature and diminishing with 
cooling. It is only at the low temperatures attain- 
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able by the use of liquid nitrogen and liquid hydrogen 
that the important obserration became possible, that 
the mean atomic keaia of the elements at about 50° 
absolute va/ry periodically with the atomic weigMa. 
When plotted agunst the atomic weights a curve is 
obtEuned which follows the course of the Atomic 
Volume curve shown in the diagram on p. 127. This 
remarkable diacovery we owe to Sir James Dewar.* 
The smallest specific heat given in the paper referred 
to is that of diamond, namely 0*0028, which when 
multiplied by the atomic weight gives "03 as approxi- 
mately the atomic heat. Carbon is one of the 
elements which has always been recognised as 
exceptional in respect to specific heat, and it is 
probable that its capacity for heat would vanish at 
the absolute zero. But such metals as potassium, 
rubidium, and ctesium ^ve at the low temperature of 
these experiments atomic heats which are but little 
below those observed at ordinary temperatures, and 
whether they would change considerably at 50° 
lower in the scale is a question which cannot yet be 
answered. The interesting result of these researches 
is the extended application of the periodic law.* 

Of the internal construction of the molecules 
which result from the union of atoms, and even of 
atoms themselves, it has been shown that we have 
some reason to believe that a certain degree of know- 

• iVoo. «oy. Soc. 89a, 158 (1913). 

* SpMulUlons ooDoeralDg tbe Periodic l*w from the itandpolnt 
of Badio-aetiTilj h>Te beeuretemd to in Obap. X. 
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ledge has been attAined. Further infomuMioD as to 
molecular constitution seems likely to result from dte 
more careful attention which is now being given to 
the interrelation of chemical constitution and phya- 
cal properties. The discoveries which have resulted 
from the careful study of the action of certain com- 
pounds on polarised light, encourages the belief that 
an equally careful investigation of the refracUvity 
and dispersive power, of the electric conductivity, 
the viscosity, the specific volume, and the spe(nfic 
heat of pure substances of known composition may 
help in the further elaboration of those ideas of 
constitution which, imperflBctly expressed in current 
chemical formuhe, have been derived from the obser- 
vation of the modes of formation and of decomposi- 
tion of compounds chiefiy of one element, cariwn. 
Yaluable pioneering work of this kind has been 
already accomplished by Gladstone and by Brtihl, by 
Hermann Kopp and by Thorpe, by Ostwald, Kohl- 
rausch, and others. In the future one lesson derived 
from the past will doubtless be always borne in 
mind. The serious influence of small quantities of 
other substances in the materials which are the sub- 
ject of experiment is now recognised, and the labour 
of physical measurements will surely in future be 
expended only upon substances which have been 
purified with the most scrupulous care, or of which 
the composition is accurately known. 

A history of progress in the science of chemistry 
does not consist of an enumeration of all the dis- 
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coTeriea vhich have been mada A few subjects 
have therefore been deliberately omitted from the 
preceding chapters for the reason that they appear to 
be either unripe for discusaion or to have contributed 
little to advance of the subject as a whole. Though 
a very large number of iacts have been recorded and 
whole aeries of phenomena observed, for which at 
present Uiere is no satis&ctory and conclusive ez- 
planatjon to bring them under the great generalisa* 
tioQs which have already been established, there is, 
however, good reason to believe that every one will 
&11 into its proper place in a comprehensive system, 
of which we can as yet only guess the outlines. 
Beside unclassified phenomena there has been of late 
years a gradual readjustment of the subject matter 
of chemical observation, many things which were 
formerly neglected having become prominent, and 
vice versft. The present position of the chemistry of 
the "rare earths" is an example, and so also is the 
knowledge we now have of the properties of such 
metals as tungsten, tantalum, and others which, 
owing to practical applications, have been studied 
more and more closely. No new principle of funda- 
mental importance is involved in such cases. On the 
other band, while such fm art as photography has 
made enormous strides it can hardly be said even 
now that the action of a ray of light in effecting 
chemical change is understood much better than in 
the days of Scheele, who first observed the blackening 
of silver chloride in daylight. 



p:h»Google 



352 THE PBOQBESB OF BCIENTXFIC CHBlUaTRT [CHAP. 

It is true that many rude kmds of investigation 
vere undertakeo in the middle of last centuiy oo the 
effects of variouB coloured lights on v^^tation, but 
these resulted in no serious addition to knowledge 
either &om the theoretical or practical point of view. 
The first systematic inquiries on record are those 
of Bunsen and Boscoe, which, originally commimi- 
cated to the Briti^ Association in 18S5, were 
developed in a series of papers in the Philoaophical 
Tranaaetions of the Royal Society for 1857, 1859, 
and 1863. Their measurements, however, related to 
the chemical effect produced by the total solar radia- 
tion, and though they discovered many interesting 
&cts, including the phenomena of photo-chemical in- 
duction, no results of this kind can lead to any 
explanation of the modtia operandi. The action of 
light of various degrees of refrangibihty, and of the 
rai^tion in the ultra-violet, is beii^ studied by 
several chemists at the present time, though some- 
what desultorily. The results which have been 
published show that in all cases the products are 
complex. Sometimes the effect is one of condensa- 
tion, sometimes of decomposition, while isomerisation 
is frequently brought about There is need for much 
further experiment. 

Another subject which provides a large field for 
investigation is the state known as colloid. Atten- 
tion was first drawn to the non-difiusible character 
of soluble colloids so long ago as 1861, by Graham,* 

» i%a. 3Vani. (1861), p. 183. 
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who first applied this name to substances resem- 
bling gelatine. Down to quite recent times the 
subject remained practically where he left it, but 
the great importance of the colloidal state in the 
constituents of animal and vegetable tissues, to- 
gether with the closer study of the properties of 
solutions to which both chemista and phy»cists 
have contributed during the last few years, has 
given to colloids a rather prominent place in 
chemical literature. 

The science of chemistry now extends so widely, 
not only in its applications to the industrial and 
usefiil arts, but in providing methods for the investi- 
gation of aJl kinds of natural phenomena by the 
physio1<^i8t, the geologist, and the cosmogonist, that 
it Ls no longer within the capadty of any one man, 
however industrious and Intelligent, to possess an 
intimate knowledge of all departments of the science. 
Chemists have therefore been compelled by the very 
success which has attended their labours in the past 
to limit their individual inquiries to a con^afatively 
narrow ranga There is some danger that this 
tendency to specialisation might stand in the way 
of progress, if it ever became so excessive that the 
methods and conclusions arrived at in one depart- 
ment ceased to be utilised, because unknown, in other 
departments of the same science. Steps have been 
taken in recent years to provide against such a state 
of things by the publication of summaries such as 
the reports to the British Association, and for 
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chemists especially, the volume of ATimiail Reports 
issued by- the Chemical Society. 

Happily the day is long gone by when popular, 
politicaJ, or ecclesiftstical ignorance and prejudice 
could stand in the way of progress. What seems to 
be chiefly wanted now is the manifestation of greater 
sympathy on the pwt of many of the representatives 
of other departments of human thought and asjara- 
tion for the work of those who occupy themsdves 
with the study of the material universe. The highest 
aim of science is not invention, but a knowledge of 
nature, and that such aim is consistent with a fuU. 
deep, and -warm appreciation of art and letteis is 
happily ob-vious to the majority of cultivated mem 
and women. In the ancient universities of QieeA 
Britain until quite recent times diemistiy has not 
flourished -with the vi^ur shown by the older 
studies. We may, however, now look forward hope- 
fully to the day, not &r distant, when natural stnence 
will be cheerfully and openly admitted to rank in 
intellectual importance equally with the traditional 
learning which has come down to us from the past 



BIOGfiAPHICAL NOTES 

._- Jruoa WiLBEUi BbShl wm bom at Wamw, ISth F«b. 

'•J" lalo. After rtiidying at tha Polytechnikum in Zariob tad in 
the tlniranitf of Berlin, where he took hia degree, be wont to 
■Aachen ae Moistent to landolt. In 1880 he beoune ProfaMK 
•t the Polyt«ohiiik at I^emberg, wbera hia health broke down, 
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Mid it wsa neoesury to leelc a milder climete. Id 1886 he 
took obuge of BemtliBen'B laboratory in Heidelberg, and as 
Honorary ProEaeaor lectured on organic ohemiatry. His 
■aienti£c work related almost entirely to the study of optical 
properties in relation to obemical constitution. 

He died at Heidelberg, 5th Feb. 1911. 

[OWtoary by K. Aawar* Btr., 44, 3757 (1911).] 

John Hall Oladstone, bam 7th Haroh 1887. A stodent 
at University College under Graham, be afterwards proceeded 
to Gieasen to work with Liebig, returning in 1846 with the 
degree of Pb.D. He held for two years the post of Lecturer at 
St. Tbomae'B Hoapitid, but, having independent means, be 
pursued science as an amateur. From 1874 to 1877 he held 
the Fullerian Professorship of Chemistry at the Royal Inatitn- 
tion, and was first President of the Physical Society. The 
most important systematic work he accompUshed was in con- 
nection with the refraction and dispersion of liquids. He 
introduced the oopper-zinc couple as a reagent. 

He died suddenly in London, 6th Oct. 1902. 

[Obituary by W. jL Tilden. Joum. Chan. Soe., 87, 691 (1903).] 

Gato Uaximilun Odldbbkq, born at Cbristiania, 11th 
Aug. 1836. He became teacher of mathematics and meohaaica 
at the Military Academy, and later Professor of Applied 
Mathematics in the University of Ohriatiani*. From 1876 ha 
was a director of the Norwegian rulways. 

Ked 14th Jan. 1902. 

[Poggendorff's HandwMerbuch, toL it.] 

AnausTua Obobqe Tbrnon Harcodrt, H.A., D.3o. Oxon., 
F.Ra, kktely Lee's Reader in Ohemiatry at Qirist Church, 
Oxford. 

WiLHELH OsTWALP, Gebeim-Rat, lately Professor of Chem- 
istry in the University of Leipzig. 

Thomas Edward Thorpk, Knt., C.B., LL.D., F.B.S., 
formerly Principal of the Oovemmeut Laboratories, Professor 
!S in tbe Imperial College of Sdenoe and TM)hnol<^. 
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Pbtbr WaaOK, born at Plekkefjord, in South Normj, S9Ui 
Jane 1833. Ha wu odncated at the Bei^n Onmnutr Bcbool, 
and stiidied medicine in the UmverBitf of CbriBti&nia. After 
oontinuing hia rtud}* of chemistry under Bausen at Heidelb«ig, 
he ■Dooeeded Strecker aa Profewor at Chmtiania in 1862. 

He died 13tb Jan. 1900. 

[Obituary, J"urn. Cfcwft. Soc., 77, 691 (1900).] 
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IMPORTANT EVENTS 

AKRANGED IN CHRONOLOGICAL ORDER 

Jean Baptiste Dninu bom 1800 

Friedrich Wdhler born 1800 

Electroljtic decomposition of water b; Nichokon 

and Carlisle 1800 

Jnetos Liebig bom 1808 

Joseph Priestley (bora 1733) died .... 1804 

Thomas Qraham born 1806 

J. B. Richter (bom 1762) died .... 1807 
Atomic Theory of Dalton, pnblished by Thomas 

Thomson 1807 

Isolation of potaauom and sodium .... 1 807 

Augusta Laurent bom 1807 

Henry Cavendish (born 1731) died. . 1810 

Elementary nature of chlorine established 1610 

Hypothesis of Avogodro 1811 

Robert Wilhelm Buusen born 1811 

Jean Serrais Stas bom 1813 

Charles Gerhardt bom 1616 

Adolph Wurts bom ...... 1817 

Hermann Eopp born 1817 

Jean Charles Gatissard de Marignac bom . 1817 

Jamee Prescott Joule born 1618 

Hermann Kolbe bom 1818 

Aignst Wilhelm Hofmann born .... 1816 

I«w of Dnlong and Petit 1819 

IStscharlich's first work on iaomorphism . . ■ 1819 

CUode Louis BeitboUet (born 1748) died . . 1823 
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Louis Fastoor bora 1823 

FaradaT's fint expniments on liquefactioD of gases . 1823 

Alexander Williun Williamaon bora . 1824 

Edward Fraoklaod bom 182S 

Stenislao Cannizuro boro 1826 

Berzelios' electro-chemical theoiy .... 1827 

Marcellin Berthelot bwn 18S7 

Wohler's ayntliesis of urea 1828 

Humphry Davy (bom 1778) dkd .... 1829 

William Hyde Wollaston (born 1766) died . 1819 

August Kekul6 bom 1839 

Julius Lothar Ue;er born 1830 

Qraham's law of gaseous diffdmOQ .... 1831 

Faraday's work in electricity b^nn 1631 
British Asaociation for the Advancement of Science 

founded 1831 

Liebig and Wohler on the " Radical of Benxnc 

Acid" 1832 

Qiaham on arseniates and phosphates (recognition of 

basicity of acids) 1833 

Faraday's first law of electro-chemical decomposltioD 1834 

Ihimas' discovery of chlorine subetitutioii . . 1831 

Carbon dioxide solidified by Thilorier . 1835 

lAorent's theory of nuclei used by Qmelin . 1836 

William Heniy Perkin bora 1838 

Dumas' theory of types 1839 

Bonseu's discovery of cacodyl ..... 1841 

Chemical Society of London founded 1841 

Homologous series recognised by Schiel . 1842 

Uechanical equivaleot of heat determined by Joule . 1842 

John Dalton (born 1763) died .... 1844 

Bacemic acid dissected by Pasteur .... 1845 

Synthesis of acetic acid by Kolbe .... I84& 

CoUege of Chemistry, London, founded . . 1846 

Dissociation of water by heat (W. B. Grove) . 1846 

Frankland's discovery of ethyl .... 1848 
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Jons Jakob Beizeliue (born 1779) died . 1848 

Frankland'a discover; of zinc-ethyl .... 1819 

Wurtz's discover; of compound ammonias 1849 
Hofmann's sjmtbetical formation of compound 

ammonias 1649 

Louis Joseph Ga;-Lussac (born 1778) died . 1850 

Constitution of ether established by Williamson . ISfiO 

Water-type proposed by Williamson , 1851 

Principle of " atomicity " recognised by Frankland . 1862 

Augnste Laurent died 1853 

Charles Oerhardt died 1856 

Perkin diecovers " Mauve " J 856 

Claosina' theory of electrolysis .... 1857 

Dissociation studied by Deville .... 1857 

Linkage of atoms recognised by A. S. Couper . . 1858 

Cannizzaro's Santo published 1658 

Synthesis of acetylene (Berthelot) .... 1859 

Spectrum analysis introduced byBunsen and KiTcboff 1859 

Pasteur's work on fermentation begun 1861 

Eilhardt Mitscherlich (born 1794) died . . 1863 

Andrews' experiments on liquefaction of gases begun 1863 
Atomicity applied to the explanation of isomerism 

by Crum Brown 1864 

NewlsJid's " Law of Octaves " 1864 

Sprengel's mercury pump invented .... 1864 

Kekal4's formula for benzene 1866 

Bunsen's gas-burner invented 1866 

Michael Faraday (born 1791) died .... 1867 

German Chemical Society founded .... 1867 

Synthesis of aliiarin (Graebe and Liebermann, Perkin) 1868 

Thomas Graham died 1869 

Uendel6eff'a first taUe of the elements . .1869 

Lothar Meyer's periodic curve 1870 

Jnstua Liebig died 1873 

Theory of stereo •isomerism (Le Bel and Yan't HofT) . 1875 

Liquefaction of oxygen (Pictet and Cailletet) . 1677 
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Society of Chemical Industry founded 
Friedrich Wdhler died .... 
Henn&nn Kolbe died .... 
Jean Baptieto Dumaa died 
Adolph Wnrti died .... 
Tautomeriam or deHmotropy recogniaed (laat) 
Emil Fiacher'e synthesiB of sugars begun . 
Oas theory of solutions (Yan't Hoff) 
Theory of free ions (Arrheniufi) 
■ James Prescott Joole died 
Jean Serrais Stas died .... 
August Wilhelm von Hofmann died 
llermaDQ Kopp died .... 
Discovery of argon (Raylei^ and Ramsay) 
Jean Charles Qalissard de Marigoac died 
Discovery of terrestrial helium (Ramsay) 
Louis Pasteur died .... 

Julius Lothar Meyer died 
Critical temperature and boiling point of hydrogen 

observed by Olszewski 
August Eeknl4 died .... 
Kadio-actiTity discovered (Becquerel) 
Wolden " iuveruon " discovered 
Isolation of radium (Curie) 
Liquefaction of hydrogm in quantity (Devar) 
Robert Wilhelm Bnnsen died . 
Frac^ia Marie Baoult died 
Alexander WiUiam Williamson died 
J. J. Thomson's Corpuscular Theory published 
Dmitri Ivanovitsch Mendelfeff died 
Uarcellin Beiihelot died .... 
Willi&m Henry Ferkin died . 
Helium liquefied by Kamerlingh-Onnes . 
J. H. Van't Hoff died 
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